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(57) Abstract: 

PROBLEM TO BE SOLVED: To drive a capacitance load 
with a simple circuit structure and a high current supply 
capability by controlling the currents between the drains 
and sources of both transistors. 

SOLUTION: An output voltage Vout becomes equal to 
an input voltage Nin when 11 and 13 are controlled so 
that the gate voltages Vgs1 (11) and Vgs2 (13) of the 
respective transistors 1 f 2 become equal to each other. 
It is possible to obtain a highly accurate voltage output 
uninfluenced by the variations in the characteristics of 
the transistors by setting the element sizes and the 
currents 11, 13 of the transistors 1, 2 to be equal and 
setting the 11, 13 according to the ratio of the channel 
width ratio so that Vgs1 (I1)-Vgs2 (13) will not change 
even though the transistor characteristics vary. 
Moreover, if the current 12 is controlled to be equal to 
the current 11, the driving circuit can easily be operated 
even when an external circuit for supplying the input 
voltage Vin has a low current supply capability. 
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CLAIMS 

[Claim(s)] 

[Claim 1] The drive circuit characterized by to include 
the 1st current control means which controls the current 
which flows between the drain sources of the level- 
conversion means which carries out the level 
conversion of the input voltage to the 1st voltage, the 
1st transistor which receives the 1st voltage of the 
above in the gate, and outputs the output voltage 
according to the aforementioned input voltage from the 
source, and the 1st transistor of the above, and the 
driving means which carry out source-follower 
operation of the 1st transistor of the above. 
[Claim 2] The aforementioned level-conversion means 
is a drive circuit according to claim 1 which is the same 
conductivity type as the 1st transistor of the above, and 
is characterized by including in the source the drain 
which received and made common connection of the 
aforementioned input voltage, the 2nd transistor which 
outputs the 1st voltage of the above from the gate, and 
the 2nd current control means which controls the 
current which flows between the drain sources of the 
2nd transistor of the above. 

[Claim 3] The drive circuit characterized by providing 
the following. The 1st power terminal. The input 
terminal which receives input voltage. The output 
terminal which outputs output voltage. The 1st 
transistor by which a drain and the gate were connected 
and the aforementioned input terminal was connected 
to the source, The 2nd transistor which is the same 
conductivity type as the 1st transistor of the above, and 
the 1st power terminal of the above is connected to a 
drain, and the aforementioned output terminal is 
connected to the source, and receives equal voltage in 
the gate with the gate voltage of the 1 st transistor of the 
above, 2nd current control means which controls the 
current which flows between the 1st current control 
means which controls the current which flows between 
the drain (gate) of the 1st transistor of the above, and 
the source, and the drain of the 2nd transistor of the 
above and the source. 

[Claim 4] It is the drive circuit according to claim 3 
characterized by being the 2nd current control circuit to 
which the current control means of the above 1st are the 
1st current control circuit connected between the 2nd 
power terminal and the drain (gate) of the 1st transistor 
of the above, and the current control means of the 
above 2nd were connected between the aforementioned 
output terminal and the 3rd power tenninal. 
[Claim 5] The drive circuit according to claim 4 
characterized by including further the 3rd current 
control circuit connected between the aforementioned 



input terminal and the 4th power terminal. 
[Claim 6] The drive circuit according to claim 3 to 5 
characterized by including further the switch group 
which can intercept the current which flows between 
each terminal of the aforementioned input tenninal, the 
aforementioned output terminal, and the 
aforementioned power terminal, and the switch control 
means which control ON and OFF of the 
aforementioned switch group. 

[Claim 7] The drive circuit according to claim 3 to 6 
characterized by including further the 1st precharge 
means which precharges the aforementioned output 
terminal on at least one kind of voltage. 
[Claim 8] The drive circuit according to claim 3 to 7 
characterized by including further the 2nd precharge 
means which precharges the gate voltage of the 1st 
transistor of the above on the 1st predetermined 
voltage. 

[Claim 9] The drive circuit according to claim 4 
characterized by the above 1st and the 2nd current 
control circuit consisting of the n channel types or the 
p-channel type current control transistors in which 
current control is carried out by control of the voltage 
between the gate sources. 

[Claim 10] aforementioned the 1- the drive circuit 
according to claim 5 characterized by the 4th current 
control circuit consisting of the n channel types or the 
p-channel type current control transistors in which 
current control is carried out by control of the voltage 
between the gate sources 

[Claim 11] The drive circuit system characterized by 
providing the following. The 1st drive circuit which 
shares the input terminal which receives input voltage, 
and the output terminal which outputs output voltage, 
respectively, and the 2nd drive circuit The driving 
means which operate either [ at least ] the drive circuit 
of the above 1st or the drive circuit of the above 2nd 
according to the aforementioned input voltage are 
included, the drive circuit of the above 1st The 1st n 
channel type transistor by which a drain and the gate 
were connected and the source was connected to the 
aforementioned input terminal, The 2nd n channel type 
transistor which the 1st power terminal is connected to 
a drain, and the source is connected to the 
aforementioned output terrninal, and receives voltage 
equal to the gate voltage of the n channel type transistor 
of the above 1st at the gate, The 1st current control 
means which controls the current which flows between 
the drain (gate) of the n channel type transistor of the 
above 1st, and the source, The 2nd current control 
means which controls the current which flows between 
the drain of the n channel type transistor of the above 
2nd and the source are included, the drive circuit of the 
above 2nd The 1st p-channel type transistor by which a 
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drain and the gate were connected and the source was 
connected to the aforementioned input terminal, The 
2nd p-channel type transistor which the 2nd power 
terminal is connected to a drain, and the source is 
connected to the aforementioned output terminal, and 
receives voltage equal to the gate voltage of the p- 
channel type transistor of the above 1st at the gate, 4th 
current control means which controls the current which 
flows between the 3rd current control means which 
controls the current which flows between the drain 
(gate) of the p-channel type transistor of the above 1st, 
and the source, and the drain of the p-channel type 
transistor of the above 2nd and the source. 
[Claim 12] The current control means of the above 1st 
contain the 1st current control circuit connected 
between the 3rd power terminal and the drain (gate) of 
the n channel type transistor of the above 1st. The 
current control means of the above 2nd contain the 2nd 
current control circuit connected between the 
aforementioned output terminal and the 4th power 
terminal, the current control means of the above 3rd 
The 3rd current control circuit connected between the 
5th power terminal and the drain (gate) of the p-channel 
type transistor of the above 1st is included, the current 
control means of the above 4th The drive circuit system 
according to claim 11 characterized by including the 
4th current control circuit connected between the 
aforementioned output terminal and the 6th power 
terminal. 

[Claim 13] The drive circuit of the above 2nd is a drive 
circuit system according to claim 11 or 12 characterized 
by including further the 6th current control circuit 
connected between the aforementioned input terminal 
and the power terminal of the octavus, including further 
the 5th current control circuit to which the drive circuit 
of the above 1st was connected between the 
aforementioned input terminal and the 7th power 
terminal. 

[Claim 14] The drive circuit system according to claim 
11 to 13 characterized by including further the switch 
group which can intercept the current which flows 
between each tenninal of the aforementioned input 
terminal, the aforementioned output terminal, and the 
aforementioned power tenriinal, and the switch control 
means which control ON and OFF of the 
aforementioned switch group. 

[Claim 15] The drive circuit system according to claim 
11 to 13 characterized by including further the 1st 
precharge means which precharges the aforementioned 
output tenninal on at least one kind of voltage. 
[Claim 16] The drive circuit system according to claim 
14 characterized by including further the 2nd precharge 
means which precharges the gate voltage of the n 
channel type transistor of the above 1st on the 1st 



predetermined voltage, and the 3rd precharge means 
which precharges the gate voltage of the p-channel type 
transistor of the above 1st on the 2nd predetermined 
voltage. 

[Claim 17] aforementioned the 1- the drive circuit 
system according to claim 12 characterized by the 4th 
current control circuit consisting of the n channel types 
or the p-channel type current control transistors in 
which current control is carried out by control of the 
voltage between the gate sources 
[Claim 18] aforementioned the 1- the drive circuit 
system according to claim 13 characterized by the 6th 
current control circuit consisting of the n channel types 
or the p-channel type current control transistors in 
which current control is carried out by control of the 
voltage between the gate sources 
[Claim 19] The aforementioned n channel type current 
control transistor contained in a drive circuit according 
to claim 1 to 8 or a drive circuit system according to 
claim 9 to 14, and the 1st n channel type transistor 
which has the same voltage between the gate sources, A 
drive circuit according to claim 1 to 8 Have the same 
voltage between the gate sources as the aforementioned 
p-channel type current control transistor contained in a 
drive circuit system according to claim 9 to 14, and or 
the current between the drain sources of a size equal to 
the current between the drain sources of the n channel 
type transistor of the above 1st The bias circuit 
characterized by including the 1st p-channel type 
transistor which it has. 

[Claim 20] The drive circuit system which one drive 
circuit of the claims 1-10 is characterized as two or 
more implications, and is characterized by sharing the 
aforementioned bias circuit in two or more 
aforementioned drive circuits including the bias circuit 
of a claim 19 further. 

[Claim 21] The drive circuit apparatus which one drive 
circuit system of the claims 11-18 is characterized as 
two or more implications, and is characterized by 
sharing the aforementioned bias circuit by two or more 
aforementioned drive circuit systems including the bias 
circuit of a claim 19 further. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this 
invention relates to the drive circuit of the capacitive 
load especially used for the driver (buffer) section 
which is the output stage of the drive circuit of a liquid 
crystal display (LCD), a drive circuit system, the bias 
circuit used for these, and a drive circuit apparatus 
about a drive circuit, a drive circuit system, the bias 
circuit used for these, and a drive circuit apparatus. 
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[0002] 

[Description of the Prior Art] A liquid crystal display 
(LCD) is explained as an example of representation of 
the drive circuit of a capacitive load. Generally the 
display of the liquid crystal display using the active- 
matrix drive method The semiconductor substrate 
which has arranged a transparent pixel electrode and 
transparent TFT (TFT), It consists of structure which 
the opposite substrate in which one transparent 
electrode was formed to the whole field, and these two 
substrates were made to counter, and enclosed liquid 
crystal in between. By controlling TFT with a 
switching function, predeterrnined voltage is impressed 
to each pixel electrode, the permeability of liquid 
crystal is changed by the potential difference between 
each pixel electrode and an opposite substrate electrode, 
and a picture is displayed. 

[0003] The data line which sends two or more level 
voltage (gradation voltage) impressed to each pixel 
electrode on a semiconductor substrate, and the 
scanning line which sends the switching control signal 
of TFT are wired, and the data line serves as a big 
capacitive load with the liquid crystal capacity inserted 
between opposite substrate electrodes, the capacity 
produced in an intersection with each scanning line. 
Since impression of the gradation voltage to each pixel 
electrode is performed through the data line and the 
writing of gradation voltage is performed to all the 
pixels connected with the data line in an one-frame 
period, a data-line drive circuit must drive the data line 
which is a big capacitive load at high speed. 
[0004] Thus, the data-line drive circuit needed to drive 
the data line with a big capacity at high speed in a high 
voltage precision, and in order to fill this demand, 
development of various data-line drive circuits has been 
performed. It is the drive circuit where having enabled 
the high precision output and the high-speed drive used 
the operational amplifier for the driver (buffer) section 
in this. The typical example of a circuit is shown in 
drawing 16 . 

[0005] In drawing 16 , the operational amplifier serves 
as a voltage follower and can output voltage equal to 
input voltage Vin as output voltage Vout. The 
operational amplifier consists of a differential-amplifier 
stage 610 and an output amplification stage 620. The 
differential-amplifier stage 610 consists of a current 
control circuit 601, PMOS transistors 603 and 604 
which have the same property, and NMOS transistors 
605 and 606 which have the same property. Common 
connection of the gates and the sources is made and the 
source by which common connection was made is 
connected to a power tenninal T14 for the NMOS 
transistors 605 and 606. In addition, as for the NMOS 
transistor 606, common connection also of the drain is 



made with the gate. 

[0006] Common connection of the source is made, the 
gate is connected to an input terminal Tl, and, as for 
the PMOS transistors 603 and 604, a drain is connected 
with the drain of the NMOS transistor 605, as for the 
PMOS transistor 603. The gate is connected to an 
output terminal T2, and, as for the PMOS transistor 604, 
a drain is connected with the drain of the NMOS 
transistor 606. The current control circuit 601 is 
connected between a power terminal T13 and the 
source of the PMOS transistor 603,604. 
[0007] On the other hand, the output amplification 
stage 620 consists of a current control circuit 602, an 
NMOS transistor 607, and capacitative element 608. 
The current control circuit 602 is connected between a 
power tenninal Til and an output terminal T2. A drain 
is connected to an output tenninal T2, the source is 
connected to a power terminal T12, and, as for the 
NMOS transistor 607, the gate is connected to the drain 
common terminal of the PMOS transistor 603 and the 
NMOS transistor 605. Capacitative element 608 is 
connected between the gate of the NMOS transistor 
607, and an output terminal T2. In addition, the cunent 
controlled by the cunent control circuits 601 and 602 is 
set to 161 and 162, voltage VDD is given to power 
teiminals Til and T13, and voltage VSS is given to 
power terminals T12 and T14. 

[0008] Moreover, the data line of a capacitive load shall 
be connected to an output terminal T2. Returning 
output voltage Vout to the differential-amplifier stage, 
i.e., by inputting output voltage Vout into the gate of 
the PMOS transistor 604, the rate of voltage 
amplification is 1 and the operational amplifier of 
drawing 16 serves as high composition (voltage 
follower) of cunent-supply-source capacity. As for the 
operation, the gate voltage of the NMOS transistor 607 
is reduced for output voltage Vout a low case from 
input voltage Vin, the NMOS transistor 607 will be in 
an OFF state temporarily, and voltage can pull up 
output voltage Vout by the cunent 162 supplied from 
the current control circuit 602. 

[0009] On the other hand, when output voltage Vout is 
higher than input voltage Vin, the gate voltage of the 
NMOS transistor 607 can pull up, and output voltage 
Vout is reduced by operation of the NMOS transistor 
607. Since it acts so that the NMOS transistors 605 and 
606 may pass cunent respectively equal between the 
drain sources at this time, output voltage Vout is 
promptly converged on input voltage Vin, decreasing. 
Moreover, capacitative element 608 performed phase 
compensation and has prevented the oscillation. 
[0010] Thereby, an operational amplifier can drive 
gradation voltage by high cunent-supply-source 
capacity in the data-line capacity connected to the 
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output terminal T2, if gradation voltage is inputted as 
input voltage Vin for every output period. 
[0011] Moreover, an operational amplifier can be 
driven, without being dependent on the current-supply- 
source capacity of the external circuit which supplies 
input voltage Vin with impedance conversion. 
[0012] 

[Problem(s) to be Solved by the Invention] However, 
the operational amplifier (voltage-follower circuit) of 
drawing 16 needs the design for oscillating by having 
applied feedback and preventing an oscillation. 
Moreover, in integration of an operational amplifier, the 
necessary area of an integrated circuit increases, 
consequently the capacitative element for phase 
compensation has the fault that a manufacturing cost 
rises, when necessary area may become large and 
constitutes many operational amplifiers from a single 
integrated circuit. 

[0013] It is being made in order that this invention's 
may solve the fault of the conventional technology 
mentioned above, perforrning stable operation which 
the purpose's is circuitry only with an easy transistor, 
and an oscillation does not produce, and offering a 
highly precise voltage output and the drive circuit 
which can realize a high-speed drive. Moreover, other 
purposes of this invention are offering the drive circuit 
which can reduce a manufacturing cost, a drive circuit 
system, the bias circuit used for these, and a drive 
circuit apparatus in integration of many drive circuits. 
[0014] 

[Means for Solving the Problem] The drive circuit by 
this invention is characterized by to include the 1st 
current control means which controls the current which 
flows between the drain sources of the level-conversion 
means which carries out the level conversion of the 
input voltage to the 1st voltage, the 1st transistor which 
receives the 1st voltage of the above in the gate, and 
outputs the output voltage according to the 
aforementioned input voltage from the source, and the 
1st transistor of the above, and the driving means which 
carry out source-follower operation of the 1st transistor 
of the above. Moreover, the aforementioned level- 
conversion means is the same conductivity type as the 
1st transistor of the above, and is characterized by 
including in the source the drain which received and 
made common connection of the aforementioned input 
voltage, the 2nd transistor which outputs the 1st voltage 
of the above from the gate, and the 2nd current control 
means which controls the current which flows between 
the drain sources of the 2nd transistor of the above. 
[0015] The input terminal in which other drive circuits 
by this invention receive input voltage with the 1st 
power terminal, The 1st transistor by which the output 
terminal which outputs output voltage, and a drain and 



the gate were connected, and the aforementioned input 
terminal was connected to the source, The 2nd 
transistor which is the same conductivity type as the 1st 
transistor of the above, and the 1 st power tenninal of 
the above is connected to a drain, and the 
aforementioned output terminal is connected to the 
source, and receives equal voltage in the gate with the 
gate voltage of the 1st transistor of the above, It is 
characterized by including the 2nd current control 
means which controls the current which flows between 
the 1st current control means which controls the current 
which flows between the drain (gate) of the 1st 
transistor of the above, and the source, and the drain of 
the 2nd transistor of the above and the source. 
Moreover, the 1st current control circuit connected 
between the 2nd power terminal and the drain (gate) of 
the 1st transistor of the above may be made to provide 
as 1st current control means, and the 2nd current 
control circuit connected between the aforementioned 
output terminal and the 3rd power terminal may be 
made to provide as 2nd current control means. 
Moreover, you may make the 3rd current control circuit 
connected between the aforementioned input terminal 
and the 4th power terminal provide. 
[0016] The switch group which can intercept the 
current which flows between each terminal of the 
aforementioned input terminal, the aforementioned 
output terminal, and the aforementioned power terminal, 
and the switch control means which control ON and 
OFF of the aforementioned switch group may also be 
included further. You may also include further the 1st 
precharge means which precharges the aforementioned 
output tenninal on at least one kind of voltage. You 
may also include further the 2nd precharge means 
which precharges the gate voltage of the 1st transistor 
of the above on the 1st predetermined voltage. 
[0017] The 1st drive circuit which shares the input 
tenninal in which the drive circuit system by this 
invention receives input voltage, and the output 
terminal which outputs output voltage, respectively, and 
the 2nd drive circuit, The driving means which operate 
either [ at least ] the drive circuit of the above 1st or the 
drive circuit of the above 2nd according to the 
aforementioned input voltage are included, the drive 
circuit of the above 1st The 1st n channel type 
transistor by which a drain and the gate were connected 
and the source was connected to the aforementioned 
input terminal, The 2nd n channel type transistor which 
the 1st power terminal is connected to a drain, and the 
source is connected to the aforementioned output 
terminal, and receives voltage equal to the gate voltage 
of the n channel type transistor of the above 1st at the 
gate, The 1st cunent control means which controls the 
current which flows between the drain (gate) of the n 
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channel type transistor of the above 1st, and the source, 
The 2nd current control means which controls the 
current which flows between the drain of the n channel 
type transistor of the above 2nd and the source are 
included, the drive circuit of the above 2nd The 1st p- 
channel type transistor by which a drain and the gate 
were connected and the source was connected to the 
aforementioned input terminal, The 2nd p-channel type 
transistor which the 2nd power terminal is connected to 
a dram, and the source is connected to the 
aforementioned output terminal, and receives voltage 
equal to the gate voltage of the p-channel type 
transistor of the above 1st at the gate, It is characterized 
by including the 4th current control means which 
controls the current which flows between the 3rd 
current control means which controls the current which 
flows between the drain (gate) of the p-channel type 
transistor of the above 1 st, and the source, and the drain 
of the p-channel type transistor of the above 2nd and 
the source. The current control means of the above 1st 
contain the 1st current control circuit connected 
between the 3rd power terminal and the drain (gate) of 
the n channel type transistor of the above 1st The 
current control means of the above 2nd contain the 2nd 
current control circuit connected between the 
aforementioned output terminal and the 4th power 
terminal, the current control means of the above 3rd 
The current control means of the above 4th are 
characterized by including the 4th current control 
circuit connected between the aforementioned output 
terminal and the 6th power terminal including the 3rd 
current control circuit connected between the 5th power 
terminal and the drain (gate) of the p-channel type 
transistor of the above 1st. The drive circuit of the 
above 2nd is characterized by including further the 6th 
current control circuit connected between the 
aforementioned input terminal and the power terminal 
of the octavus, including further the 5th current control 
circuit to which the drive circuit of the above 1st was 
connected between the aforementioned input terminal 
and the 7th power terminal. 

[0018] Other drive circuit systems by this invention are 
characterized by including further the switch group 
which can intercept the current which flows between 
each terminal of the aforementioned input terminal, the 
aforementioned output terminal, and the 
aforementioned power terminal, and the switch control 
means which control ON and OFF of the 
aforementioned switch group. Moreover, other drive 
circuit systems by this invention are characterized by 
including further the 1st precharge means which 
precharges the aforementioned output terminal on at 
least one kind of voltage. Other drive circuit systems by 
this invention are characterized by including further the 



2nd precharge means which precharges the gate voltage 
of the n channel type transistor of the above 1st on the 
1st predetermined voltage, and the 3rd precharge means 
which precharges the gate voltage of the p-channel type 
transistor of the above 1st on the 2nd predetermined 
voltage, in addition, aforementioned the 1- the 6th 
current control circuit is characterized by consisting of 
the n channel types or the p-channel type current 
control transistors in which current control is carried 
out by control of the voltage between the gate sources 
[0019] The 1st n channel type transistor which has the 
voltage between the gate sources as the aforementioned 
n channel type current control transistor contained in 
the above-mentioned drive circuit or the above- 
mentioned drive circuit system with the same bias 
circuit by this invention, Have the same voltage 
between the gate sources as the aforementioned p- 
channel type current control transistor contained in the 
above-mentioned drive circuit or the above-mentioned 
drive circuit system, and the current between the drain 
sources of a size equal to the current between the drain 
sources of the n channel type transistor of the above 1st 
It is characterized by including the 1st p-channel type 
transistor which it has. 

[0020] The above-mentioned drive circuit is 
characterized as two or more implications by other 
drive circuit systems by this invention, and they are 
further characterized by sharing a bias circuit in two or 
more drive circuits including the above-mentioned bias 
circuit 

[0021] The above-mentioned drive circuit system is 
characterized as two or more implications by the drive 
circuit apparatus by this invention, and it is further 
characterized by sharing a bias circuit by two or more 
drive circuit systems including the above-mentioned 
bias circuit 

[0022] An operation of the drive circuit of this 
invention is explained below. 

[0023] Control of the current between the drain sources 
fixes the voltage between the gate sources of the 1st 
transistor uniquely. Therefore, if input voltage Vm is 
inputted into the source of the 1st transistor, the gate 
(drain) of the 1st transistor will serve as voltage from 
which only the voltage between the gate sources of the 
1st transistor shifted [ input voltage / Vin ]. On the 
other hand, if the 2nd transistor receives supply voltage 
in a drain and receives voltage equal to the gate of the 
1st transistor in the gate, source-follower operation of it 
will be attained. If the current between the drain 
sources of the 2nd transistor is controlled here, the 
voltage between the gate sources of the 2nd transistor 
will also become settled uniquely, and the output 
voltage Vout taken out from the source of the 2nd 
transistor will become stable on the voltage from which 
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only the voltage between the gate sources of the 2nd 
transistor shifted [ gate / of the 2nd transistor ]. 
[0024] Therefore, it is possible by controlling the 
current between the drain sources of the 1st and 2nd 
transistors to take out the voltage according to input 
voltage Vin as output voltage Vout. Moreover, when 
input voltage Vin changes, it is possible to change 
output voltage Vout to the voltage according to input 
voltage Vin promptly by source-follower operation of 
the 2nd transistor. 
[0025] 

[Embodiments of the Invention] Next, one gestalt of 
operation of this invention is explained with reference 
to a drawing. In addition, in each drawing referred to in 
the following explanation, the same sign is given to 
other drawings and equivalent portions. Moreover, each 
drawing showed the circuitry from which the number 
of power supplies serves as the rninimum. 
[0026] Drawing 1 is the block diagram showing one 
gestalt of operation of the drive circuit by this invention. 
In this drawing, two transistors 1 and 2 of the same 
conductivity type which has a common-gate electrode 
are formed. The gate is connected with a drain and, as 
for the transistor 1, the source is connected to the input 
terminal Tl. A drain is connected to a power terminal 
T3, and, as for the transistor 2, the source is connected 
to the output terrriinal T2. In between, the current 
control circuit 3 is connected with a power terminal T3 
and the drain (gate) of a transistor 1, and the current 
which flows from a power terminal T3 to an input 
terrriinal Tl is controlled to II. The current control 
circuit 4 is connected between an input terminal Tl and 
a power terminal T4, and the current which flows from 
an input terminal Tl to a power terrriinal T4 is 
controlled to 12. The current control circuit 5 is 
connected between an output terminal T2 and a power 
terminal T4, and the current which flows from an 
output terrriinal T2 to a power terminal T4 is controlled 
to B. Voltage El and E2 is given to power terminals T3 
and T4, respectively. Moreover, the capacitive load 
shall be connected to an output terminal T2. In addition, 
it is shown that the sign in drawing 1 "S" is the source 
terminal of a transistor. Also in other drawings, it 
considers as the same thing. 

[0027] Operation of the drive circuit of drawing 1 is 
explained below. When input voltage Vin is inputted 
into an input terminal Tl, the gate voltage VI of a 
transistor 1 turns into voltage from which only the 
voltage Vgsl between the gate sources of a transistor 1 
shifted [ input voltage / Vin ], and is Vl=Vrn+Vgsl. - 

It is come out and expressed. At this time, a transistor 
has the property (it is henceforth described as an Ids- 
Vgs property) that it is peculiar between the current Ids 



between the drain sources, and the voltage Vgs between 
the gate sources, and the voltage Vgsl between the gate 
sources of a transistor 1 becomes settled uniquely by 
the Ids- Vgs property and current II of a transistor 1. 
When voltage between the gate sources in case the 
current between the drain sources of a transistor 1 is set 
to II is set to Vgsl (II), the gate voltage VI of a 
transistor 1 is Vl=Vin+Vgsl (II). - (2) 
It comes out and becomes stable. 
[0028] Moreover, when voltage VI is impressed to the 
gate of a transistor 2, output voltage Vout turns into 
voltage from which only the voltage Vgs2 between the 
gate sources of a transistor 2 shifted [ voltage / VI ], 
and is Vout=Vl-Vgs2. - (3) 

It is come out and expressed. And output voltage Vout 
is stabilized in the place where the current between the 
drain sources of a transistor 2 becomes equal to 13. The 
voltage Vgs2 between the gate sources of the transistor 
2 at this time serves as Vgs2 (13) by the Ids-Vgs 
property and current 13 of a transistor 2, and output 
voltage Vout is Vout=Vl-Vgs2 (13). - (4) 
It comes out and becomes stable. 
[0029] The output voltage Vout when input voltage Vm 
is fixed is Vout=Vin+Vgsl(Il>-Vgs2 (B) &om a 
formula (2) and a formula (4). - (5) 
It becomes. At this time, the output voltage range turns 
into a voltage range only with the narrow voltage 
difference of the voltage Vgs2 (13) between the gate 
sources of a transistor 2 from the voltage range of 
supply voltage El and supply voltage E2 at least 
[0030] If current II and 13 is controlled so that the 
voltage Vgsl (II) and Vgs2 (13) between each gate 
sources of transistors 1 and 2 becomes equal here, 
output voltage Vout will turn into input voltage Vm and 
equal voltage from a formula (5). Moreover, if element 
size and current II and 13 of transistors 1 and 2 from 
which Vgsl(Il>Vgs2 (13) does not change are set up 
even if property change of a transistor arises, the highly 
precise voltage output by property change of a 
transistor is possible. If it performs setting up equally 
the element size and current II and 13 of transistors 1 
and 2, respectively, or specifically arranging the 
channel length of transistors 1 and 2, and setting up 
current II and 13 according to a channel width ratio etc., 
the voltage output by the threshold voltage variation of 
a transistor is possible. 

[0031] Moreover, if current 12 is controlled to become 
equal to current II, the current-supply-source capacity 
of the external circuit which supplies input voltage Vm 
can operate the drive circuit of drawing 1 easily also by 
the low case. In addition, although the drive circuit of 
drawing 1 can operate even when there is no current 
control circuit 4, sufficient current-supply-source 
capacity for the external circuit which supplies input 
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voltage Vin in that case is needed. 
[0032] Next, operation in case input voltage Vin 
changes is explained. If the capacity of the common 
gate of transistors 1 and 2 is small enough when input 
voltage Vin changes, voltage VI will change to the 
voltage which follows in footsteps of change of input 
voltage Vin comparatively promptly, and is expressed 
with a formula (2). In changing so that input voltage 
Vin may approach voltage El here, output voltage Vout 
changes with source-follower operation of a transistor 2 
to the voltage expressed with a formula (5) promptly. 
On the other hand, in changing so that input voltage 
Vin may approach voltage E2, a transistor 2 becomes 
off temporarily and output voltage Vout changes to the 
voltage expressed with a formula (5) according to the 
current-supply-source capacity of current 13. In 
addition, although the current-supply-source capacity 
by source-follower operation of a transistor 2 declines 
as the voltage between the gate sources of a transistor 2 
approaches a threshold voltage, also at the lowest, it has 
the current-supply-source capacity of current 13. That is, 
the drive capacity of the drive circuit of drawing 1 has 
the high drive capacity by source-follower operation of 
a transistor 2, when changing so that input voltage Vin 
may approach voltage El, and when changing so that 
input voltage Vin may approach voltage E2, it has the 
drive capacity depending on current 13. And if the 
current control circuit 5 adjusts current 13, the drive 
capacity of the drive circuit of drawing 1 can be 
changed. 

[0033] If the drive circuit of drawing 1 can have high 
drive capacity with easy composition as mentioned 
above and the element size and current II and 13 of 
transistors 1 and 2 are set up in consideration of 
property change of a transistor, the high precision 
output by property change of a transistor is realizable. 
[0034] Moreover, in drawing 1 , although transistors 1 
and 2 are expressed with the element sign of an MOS 
transistor, it has the same effect by operation with the 
same said of other field-effect transistors. Moreover, 
even when it transposes to the bipolar transistor which 
used the drain as the collector for transistors 1 and 2, 
used the gate as the base, and used the source as the 
emitter, it has the same effect. This is the same also in 
the form of the following operations, and each 
explanation is omitted. The drive circuit which used the 
MOS transistor explains also with the form of the 
following operations. 

[0035] Drawing 2 is the circuit diagram showing the 
form of operation of the 2nd of the drive circuit 
concerning this invention. As a precharge circuit which 
precharges the common gate of transistors 1 and 2 in 
the drive circuit of drawing 1 , a switch 1 1 is connected 
with a power terminal T3 and the common gate of 



transistors 1 and 2 in between, and, as for drawing 2 , 
the switch 12 is connected between the output terminal 
T2 and the power terminal T4 as a precharge circuit 
which precharges an output terminal T2. moreover, 
between the source of a transistor 1, and an input 
terminal Tl The switch 21 which can intercept the 
current between the drain sources of a transistor 1 is 
connected. Between an input terminal Tl and a power 
terminal T4, the switch 22 which can intercept current 
12 is connected, between a power terminal T3 and an 
output terminal T2 The switch 23 which can intercept 
the current between the drain sources of a transistor 2 is 
connected, and the switch 24 which can intercept 
current 13 is connected between the output terminal T2 
and the power terminal T4. 

[0036] Operation of the drive circuit of drawing 2 is 
explained with reference to drawing 3 . In addition, 
drawing 3 shows 1 output period which outputs the 
voltage of arbitrary level. 

[0037] Switches 11 and 12 are made off [ ON and 
switches 21, 22, 23, and 24 ] at introduction and time tO. 
Consequently, the common gate of transistors 1 and 2 is 
precharged at voltage El, and an output terminal T2 is 
precharged at voltage E2. 

[0038] Next, at time tl, a switch 11 is set to OFF and 
switches 21 and 22 are set to ON. Consequently, the 
voltage VI of the common gate of transistors 1 and 2 
changes with operations of a transistor 1 to the voltage 
from which only the voltage between the gate sources 
of a transistor 1 shifted [ input voltage / Vin ] promptly, 
and it is stabilized on the voltage expressed with a 
formula (2). 

[0039] Next, at time t2, a switch 12 is set to OFF and 
switches 23 and 24 are set to ON. Consequently, output 
voltage Vout changes to the voltage expressed with a 
formula (5) promptly, and output voltage Vout is 
maintained by source-follower operation of a transistor 
2 till time t3. 

[0040] In addition, the output voltage range is the same 
as that of the drive circuit of drawing 1 . Moreover, if 
current II and 13 is controlled like the drive circuit of 
drawing 1 so that the voltage Vgsl (II) and Vgs2 (13) 
between each gate sources of transistors 1 and 2 
becomes equal If output voltage Vout can be made into 
voltage equal to input voltage Vin and the element size 
and current II and 13 of transistors 1 and 2 are further 
set up in consideration of property change of a 
transistor, the high precision output by property change 
of a transistor is realizable. 

[0041] Moreover, if current 12 is controlled to become 
equal to current II, even when the current-supply- 
source capacity of the external circuit which supplies 
input voltage Vin is low, the drive circuit of drawing 2 
can be operated easily. 
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[0042] Next, the different feature from the drive circuit 
of drawing 1 of the drive circuit of drawing 2 is 
explained. The drive circuit of drawing 2 is what 
improved the drive circuit of drawing 1 , and it can 
reduce power consumption, without reducing drive 
capacity. In the drive circuit of drawing 1 , in changing 
so that input voltage Vin may approach supply voltage 
E2, if current 13 is enlarged in order to make drive 
capacity high, depending on current 13, ********** 
will increase drive capacity. However, in changing so 
that input voltage Vin may approach supply voltage El, 
it has high drive capacity by source-follower operation 
of a transistor 2. Then, an output terminal T2 is made to 
precharge on voltage E2 for every 1 output period 
which outputs the voltage of arbitrary level, and it is 
made to be made to perform the voltage output of each 
output period by the high drive capacity by source- 
follower operation of a transistor 2 each time in the 
drive circuit of drawing 2 . Even if this suppresses 
current II, 12, and 13, a high-speed drive can be 
performed, and ********** can be reduced In 
addition, as long as it is the voltage in which a 
transistor 2 carries out source-follower operation 
among ttime t2-3, except voltage E2, and it may 
prepare two or more precharge power supplies which 
responded to input voltage Vin. [ the precharge voltage 
of an output terminal T2 ] 

[0043] Moreover, the common gate of the transistors 1 
and 2 by the switch 1 1 does not necessarily need to be 
precharged, when current II is to some extent large. 
However, when suppressing current II very small, 
charging or discharging the gate capacitance of 
transistors 1 and 2 can take time to change of input 
voltage Vin, and voltage of the common gate of 
transistors 1 and 2 may be promptly changed to the 
voltage VI of a formula " (2). In this case, by 
precharging the common gate of transistors 1 and 2 at 
the beginning of each output period, a transistor 1 can 
carry out source-follower operation, and the voltage of 
the common gate of transistors 1 and 2 can be promptly 
changed to the voltage VI of a formula (2). 
[0044] Moreover, switches 21, 22, 23, and 24 are 
controlled during each precharge period by switches 11 
and 12 to intercept the current which flows between 
each terminal of an input terminal Tl, an output 
terminal T2, and power terminals T3 and T4. Excessive 
current can be intercepted by this and consumption of 
the power accompanying precharge can be held down 
to the minimum. 

[0045] In addition, in the drive circuit of drawing 2 , 
even when there are no current control circuits 3, 4, and 
5, it can operate once. In this case, the voltage between 
the gate sources serves as near a threshold voltage, and 
transistors 1 and 2 are stabilized by voltage VI and 



output voltage Vout in the place where the current 
between the drain sources will hardly flow. However, 
there is a problem that voltage VI and output voltage 
Vout are not easily stabilized to the change of potential 
between the gate sources in near a threshold voltage as 
change of the current between the drain sources is loose. 
And it will depend for time until voltage VI and output 
voltage Vout are stabilized on the capacity of the 
capacitive load connected to the gate capacitance and 
output terminal T2 of a common gate of transistors 1 
and 2, respectively greatly. Therefore, it is desirable to 
control the current which is not influenced by the gate 
capacitance of transistors 1 and 2 and the capacity of a 
capacitive load, but forms the current control circuits 3, 
4, and 5 in order to stabilize voltage VI and output 
voltage \but promptly by sufficient current-supply- 
source capacity, and is passed to transistors 1 and 2. As 
mentioned above, the drive circuit of drawing 2 has 
always high drive capacity by precharging an output 
terminal T2, and a low power can also be realized by 
suppressing current II, 12, and 13. 
[0046] Next, the example of the drive circuit of 
drawing 2 is explained. Drawing 4 is a drive circuit 
which shows the example of the drive circuit of 
drawing 2 . In drawing 4 , the transistors 1 and 2 of 
drawing 2 are constituted from NMOS transistors 101 
and 102, and supply voltage El and E2 is set to VDD 
and VSS (VDD>VSS), respectively. Moreover, the 
current control circuits 3, 4, and 5 of drawing 2 are set 
to 103, 104, and 105, and current is controlled to 111, 
112, and 113, respectively. Moreover, the switches 11, 
12, 21, 22, 23, and 24 of drawing 2 are set to 111, 112, 
121, 122, 123, and 124, and the above-mentioned 
switches 111, 112, 121, 122, 123, and 124 perform the 
respectively same control as the switches 11, 12, 21, 22, 
23, and 24 of drawing 3 . Moreover, voltage of the 
common gate of transistors 101 and 102 is set to V10. 
[0047] Drawing 5 is the voltage waveform of the 
control signal timing of the switches 111, 112, 121, 122, 
123, and 124 of drawing 4 and input voltage Vin, 
output voltage Vout, and voltage V10. 
[0048] 1 output period which outputs the voltage of 
arbitrary level to drawing 5 (a) is shown. Moreover, 
drawing 5 (b) is a voltage-waveform view in the case of 
outputting input voltage Vin and equal voltage to 
output voltage Vout In drawing 5 , voltage V10 is 
precharged on voltage VDD to time tO, and it changes 
to the voltage from which only the voltage VgslOl 
(111) between the gate sources of a transistor 101 
shifted [ input voltage / Vin ] after time tl, and is 
V10=Vin+Vgsl01 (111). - (6) 

It comes out and becomes stable. It is precharged on 
voltage VSS to time tO, and changes to the voltage from 
which only the voltage Vgsl02 (113) between the gate 
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sources of a transistor 102 shifted [ voltage / V10 ] after 
time t2, and output voltage Vout is Vout=V10-Vgsl02 
(113). -(7) 

It comes out and becomes stable. VgslOl (111) and 
Vgsl02 (113) are positive values, and if current II 1 and 
113 is controlled to both become equal, output voltage 
Vout will become equal to input voltage Vin from a 
formula (6) and a formula (7) here. Moreover, the 
output voltage range is VSS<=Vout<=VDD-Vgsl02 
(113) at this time. - (8) 
It becomes. 

[0049] Drawing 6 is a drive circuit which shows 
another example of the drive circuit of drawing 2 . In 
drawing 6 , the transistors 1 and 2 of drawing 2 are 
constituted from PMOS transistors 201 and 202, and 
supply voltage El and E2 is set to VSS and VDD 
(VDD>VSS), respectively. Moreover, the current 
control circuits 3, 4, and 5 of drawing 2 are set to 203, 
204, and 205, and current is controlled to 121, 122, and 
123, respectively. Moreover, the switches 11, 12, 21, 22, 
23, and 24 of drawing 2 are set to 211, 212, 221, 222, 
223, and 224, and the above-mentioned switches 211, 
212, 221, 222, 223, and 224 perform the respectively 
same control as the switches 11, 12, 21, 22, 23, and 24 
of drawing 3 . Moreover, voltage of the common gate 
of transistors 201 and 202 is set to V20. 
[0050] Drawing 7 is the voltage waveform of the 
control signal timing of the switches 211, 212, 221, 222, 
and 223 of drawing 6 and input voltage Vin, output 
voltage Vout, and voltage V20. 1 output period which 
outputs the voltage of arbitrary level to drawing 7 (a) is 
shown. Moreover, drawing 7 (b) is a voltage-waveform 
view in the case of outputting input voltage Vin and 
equal voltage to output voltage Vout 
[0051] In drawing 7 , voltage V20 is precharged on 
voltage VSS to time tO, and it changes to the voltage 
from which only the voltage Vgs201 (121) between the 
gate sources of a transistor 201 shifted [ input voltage / 
Vin ] after time tl, and is V20=Vin+Vgs201 (121). - 
(9) 

It comes out and becomes stable. It is precharged on 
voltage VDD to time tO, and changes to the voltage 
from which only the voltage Vgs202 (123) between the 
gate sources of a transistor 202 shifted [ voltage / V20 ] 
after time t2, and output voltage Vout is Vout=V20- 
Vgs202 (123). -(10) 

It comes out and becomes stable. Vgs201 (121) and 
Vgs202 (123) are negative values, and if current 121 and 
123 is controlled to both become equal, output voltage 
Vout will become equal to input voltage Vin from a 
formula (9) and a formula (10) here. Moreover, the 
output voltage range is VSS-Vgs202 (123) 
<=Vout<=VDD at this time. - (1 1) 
It becomes. 



[0052] Drawing 8 is the circuit diagram showing the 
gestalt of operation of the 3rd of the drive circuit 
concerning this invention. In drawing 8 , two n channel 
type transistors 301 and 302 which have a common- 
gate electrode, and two p-channel type transistors 401 
and 402 which have a common-gate electrode are 
formed. The gate is connected with a drain and, as for 
the transistor 301, the source is connected to the input 
teiminal Tl. A drain is connected to a power terminal 
T3, and, as for the transistor 302, the source is 
connected to the output terminal T2. The gate is 
connected with a drain and, as for the transistor 401, 
the source is connected to the input terminal Tl. A 
drain is connected to a power terminal T4, and, as for 
the transistor 402, the source is connected to the output 
terminal T2. In between, the current control circuit 303 
is connected with a power terminal T3 and the drain 
(gate) of a transistor 301, and the current which flows 
from a power terminal T3 to an input terminal Tl is 
controlled to 13 1 . In between, the current control circuit 
403 is connected with a power terminal T4 and the 
drain (gate) of a transistor 401, and the current which 
flows from an input terminal Tl to a power terminal T4 
is controlled to 141. Voltage VDD and VSS 
(VDD>VSS) is given to power terminals Tl and T2, 
respectively. Moreover, the capacitive load shall be 
connected to an output terminal T2. 
[0053] Operation of the drive circuit of drawing 8 is 
explained below When input voltage Vin is inputted 
into an input terminal Tl, each gate voltage V30 and 
V40 of transistors 301 and 401 turns into voltage from 
which only the voltage between the gate sources shifted 
[ input voltage / Vin ], and is V30=Vin+Vgs301 (131). - 
-(12) 

V40=Vin+Vgs401 (141) - (13) 

It comes out and becomes stable. On the other hand, 
output voltage Vout becomes stable in the place where 
it becomes the voltage from which only the voltage 
between each gate sources of transistors 302 and 402 
shifted [ voltage / V30 and V40 ] at, and the current 
between each drain sources of transistors 302 and 402 
becomes equal. Output voltage Vout is [ Ic, then ] 
Vout=Vin+Vgs301(I31)-Vgs302 (Ic) about the current 
between the drain sources of the transistors 302 and 
402 at this time. 

= V*in+Vgs401(I41)-Vgs402 (Ic) - (14) 
It becomes, moreover, the output voltage range — the 
transistors 302 and 402 from the voltage range of 
voltage VDD and voltage VSS - only the voltage 
difference between each gate source serves as a narrow 
voltage range 

[0054] If current 131 and 141 is equal here, the voltage 
Vgs301 (131) and Vgs302 between the gate sources of 
transistors 301 and 302 (Ic) is equal respectively and 
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the voltage Vgs401 (141) and Vgs402 between the gate 
sources of transistors 401 and 402 (Ic) is equal, output 
voltage Vout will become equal to input voltage Vin. 
Moreover, when current 131 and 141 is equal, the 
current-suppiy-source capacity of the external circuit 
which supplies input voltage Vin can operate the drive 
circuit of drawing 1 easily also by the low case. 
[0055] Next, operation in case input voltage Vin 
changes is explained. If the capacity of the common 
gate of transistors 301 and 302 and the common gate of 
transistors 401 and 402 is small enough when input 
voltage Vin changes, voltage V30 and V40 will change 
to the voltage which follows in footsteps of change of 
input voltage Vm comparatively promptly, and is 
expressed with a formula (12) and a formula (13). 
- When input voltage Vm changes to a high-voltage side 
(VDD side) here, a transistor 402 becomes off 
temporarily and can pull up output voltage Vout 
promptly by source-follower operation of a transistor 
302. On the other hand, when input voltage Vin 
changes to a low-battery side (VSS side), a transistor 
302 becomes off temporarily and output voltage Vout is 
reduced promptly That is, since a transistor 302 or a 
transistor 402 carries out source-follower operation 
whichever input voltage Vin changes by the side of the 
high voltage or a low battery, the drive circuit of 
drawing 8 can have always high drive capacity. 
[0056] In addition, the drive circuit of drawing 8 can 
adjust Current Ic, if the size of transistors 401 and 402 
is adjusted in consideration of an Ids-Vgs property to 
transistors 301 and 302. Therefore, it can also be 
considered that the composition by which the current 
between an input terminal Tl and a power terminal T4 
is controlled, and the current between an output 
terminal T2 and a power teirninal T4 is controlled is the 
example of change of the drive circuit which 
constituted transistors 1 and 2 from an NMOS 
transistor in the drive circuit of drawing 1 . Since 
similarly it is possible to adjust Current Ic when the 
size of transistors 301 and 302 is adjusted to transistors 
401 and 402, it can also be regarded as the example of 
change of the drive circuit which constituted transistors 
1 and 2 from a PMOS transistor in the drive circuit of 
drawing 1 . That is, the drive circuit of drawing 8 <JA> 
is a drive circuit with the performance of both the drive 
circuit which constituted transistors 1 and 2 from an 
NMOS transistor in the drive circuit of drawing 1 , and 
the drive circuit which constituted transistors 1 and 2 
from a PMOS transistor. 

[0057] Drawing 9 is the circuit diagram showing the 
gestalt of operation of the 4th of the drive circuit 
concerning this invention. Drawing 9 makes common 
connection of drawing 4 and input terminal Tl of each 
drive circuit of drawing 6 , output terminal T2, the 



power terminals to which voltage VDD was given, and 
the power terminals to which voltage VSS was given. 
In addition, each element number of drawing 9 uses 
drawing 4 and the element number of drawing 6 as it is. 
However, about a power terminal, the power terminal 
to which supply voltage VDD was given is set to T3, 
and the power terminal to which supply voltage VSS 
was given is set to T4. Moreover, the capacitive load 
shall be connected to an output terminal T2. 
[0058] Operation of the drive circuit of drawing 9 is 
explained with reference to drawing 10 . 2 output 
periods of 1 output period (time t0-t3) which outputs 
the voltage of the arbitrary level below voltage Vm to 
drawing 10 (a), and 1 output period (time tO-O') which 
outputs the voltage of the arbitrary level more than 
voltage Vm are shown. To drawing 10 (b), moreover, 
the voltage VgslOl (111) between the gate sources of 
transistors 101 and 102, Vgsl02 (113) is equal 
respectively. The voltage Vgs201 (121) between the 
gate sources of transistors 201 and 202, It is a voltage- 
waveform view in the case of controlling current 111, 
113, 121, and 123 so that Vgs202 (123) becomes equal, 
respectively, and outputting input voltage Vin and equal 
voltage to output voltage Vout. 

[0059] In drawing 10 , by time t0-t3, switches 111, 112, 
121, 122, 123, and 124 perform the same switch control 
as drawing 5 , and switches 211, 212, 221, 222, 223, 
and 224 are altogether set to OFF. Consequently, the 
voltage waveform of drawing 10 becomes being the 
same as that of the voltage waveform of drawing 5 . 
Moreover, time t0' - In t3\ switches 211, 212, 221, 222, 
223, and 224 perform the same switch control as 
drawing 7 , and switches 111, 112, 121, 122, 123, and 
124 are altogether set to OFF. Consequently, the 
voltage waveform of drawing 10 becomes being the 
same as that of the voltage waveform of drawing 7 . 
That is, operation of the drive circuit of drawing 9 
operates the drive circuit of drawing 4 , when 
outputting the voltage of the arbitrary level below 
voltage Vm, and when outputting the voltage of the 
arbitrary level more than voltage Vm, it is made to 
operate the drive circuit of drawing 6 . Therefore, the 
drive circuit of drawing 9 has the same drive capacity 
as drawing 4 and the drive circuit of drawing 6 . 
[0060] Moreover, when the output voltage range of the 
drive circuit of drawing 9 outputs input voltage Vin and 
equal voltage to output voltage Vout, it becomes a 
formula (8) at the time of drive circuit operation of 
drawing 4 , and becomes a formula (11) at the time of 
drive circuit operation of drawing 6 . Here, it is voltage 
Vm VSS-Vgs202 (123) <=Vm<=VDD-Vgsl02 (113) - 
(15) 

If it sets up so that it may become, output voltage Vout 
will be VSS<=Vout<=VDD. - (16) 
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The output voltage range of a next door and the drive 
circuit of drawing 9 can be made equal to a power 
range. 

[0061] Moreover, when the drive circuit of drawing 9 
outputs the voltage of the arbitrary level below voltage 
Vm, an output terminal T2 is precharged at voltage 
VSS. Since an output terminal T2 is precharged at 
voltage VDD when outputting the voltage of the 
arbitrary level more than voltage Vm Compared with 
the case where it is precharged in drawing 4 or the 
drive circuit of drawing 6 at either supply voltage VSS 
or the supply voltage VDD, there is little charge-and- 
discharge power accompanying precharge, and it can 
also perform precharge at high speed. 
[0062] As mentioned above, the drive circuit of 
drawing 9 has the same drive capacity as drawing 4 and 
the drive circuit of drawing 6 , and has an output 
voltage range equal to a power range. Furthermore, 
power consumption can be further reduced from 
drawing 4 or the drive circuit of drawing 6 . 
[0063] Drawing 11 is a drive circuit which shows the 
example of the drive circuit of drawing 9 . In drawing 
11 , the current control circuits 104, 105, and 203 of 
drawing 9 consist of NMOS transistors, and the current 
control circuits 103, 204, and 205 consist of PMOS 
transistors. And it is controlled by arbitrary current by 
giving predetermined voltage to each gate of the above- 
mentioned current control transistors 103, 104, 105, 
203, 204, and 205. in addition, the terminal T6 with 
which, as for the gate of the NMOS transistors 104, 105, 
and 203, bias voltage BIASN was given in drawing 11 - 

- connecting - the PMOS transistors 103, 204, and 205 

— each gate is connected to the terminal T5 with which 
bias voltage BIASP was given In addition, even when 
the gate bias voltage of two or more current control 
transistors is common, it is possible by adjusting the 
size of a transistor to pass arbitrary current. Moreover, 
you may change bias voltage for every current control 
transistor. 

[0064] Drawing 12 is the circuit diagram showing 
change of the drive circuit of drawing 11 . Drawing 12 
improves the drive circuit of drawing 11 , has few 
element numbers than the drive circuit of drawing 11 , 
and is the drive circuit which reduced the kind of 
switch control signal. The drive circuit of drawing 12 is 
a circuit which removed the current control circuits 104 
and 204 and switches 122 and 222, and newly added 
the PMOS transistor 131 and the NMOS transistor 231 
from the drive circuit of drawing 1 1 . The source and a 
drain are connected to the gate (drain) of the NMOS 
transistor 101, and the source, respectively, and, as for 
the PMOS transistor 131, voltage BIASP is connected 
to the given terminal T5, as for the gate. The source and 
a drain are connected to the gate (drain) of the PMOS 



transistor 201, and the source, respectively, and, as for 
the NMOS transistor 231, voltage BIASN is connected 
to the given terminal T6, as for the gate. Moreover, the 
PMOS transistor 131 has a threshold voltage smaller 
than the PMOS transistor 103, and to the same gate 
voltage, with current-supply-source capacity 
sufficiently higher than the PMOS transistor 103, the 
NMOS transistor 231 shall also have a small threshold 
voltage, and it shall have current-supply-source 
capacity sufficiently higher than the NMOS transistor 
203 for it from the NMOS transistor 203 to the same 
gate voltage. And the circuit block which consists of an 
NMOS transistor 101 and PMOS transistors 103 and 
131 is considered as the circuit block 130, and the 
circuit block which consists of a PMOS transistor 201 
and NMOS transistors 203 and 231 is considered as the 
circuit block 230. In addition, in the drive circuit of 
drawing 12 , the element number of drawing 11 is used 
as it is about the same element as drawing 1 1 . 
[0065] Operation of the drive circuit of drawing 12 is 
explained with reference to drawing 13 . 2 output 
periods of 1 output period (time t0-t3) which outputs 
the voltage of the arbitrary level below voltage Vm to 
drawing 13 (a), and 1 output period (time t0-t3') which 
outputs the voltage of the arbitrary level more than 
voltage Vm are shown. Moreover, the voltage- 
waveform view in the case of outputting voltage equal 
to input voltage Vin to drawing 13 (b) as output voltage 
Vout is shown. In addition, the control timing of the 
switches 112, 123, 124, 212, 223, and 224 in drawing 
13 is the same as that of drawing 10 . 
[0066] The drive circuit of drawing 12 makes a switch 
221 consider the same operation as the current control 
circuit 104 of the drive circuit of drawing 11 , and a 
switch 122 as the circuit block 230, and makes a switch 
121 consider the same operation as the current control 
circuit 204 of the drive circuit of drawing 11 , and a 
switch 222 as the circuit block 130 between time t0'-t3' 
among ttime t0-3. Operation of the drive circuit of 
drawing 12 is explained below. 

[0067] In 1 output period (time t0-t3) which outputs the 
voltage of the arbitrary level below introduction and 
voltage Vm, switches 111 and 211 are made off [ ON 
and switches 121 and 221 ] at time tO. Consequently, 
the common gate of transistors 101 and 102 is 
precharged at voltage VDD, and the common gate of 
transistors 201 and 202 is precharged at voltage VSS. 
Moreover, a switch 112 is made off [ ON and switches 
123 and 124 ], and an output terminal T2 is precharged 
at voltage VSS. In addition, switches 212, 223, and 224 
are made off between ttime t0-3 . 
[0068] Next, at time tl, switches 111 and 211 are set to 
OFF and switches 121 and 221 are set to ON. 
Consequently, the voltage V10 of the common gate of 
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transistors 101 and 102 and the voltage V20 of the 
common gate of transistors 201 and 202 change with 
operations of transistors 101 and 201 to the voltage 
from which only the voltage between the gate sources 
shifted [ input voltage / Vin ], respectively promptly, 
and it is V10=Vin+Vgsl01 (111), respectively. - (16) 
V20=Vin+Vgs201 (121) - (17) 

It comes out and becomes stable. At this time, 
transistors 131 and 231 will be in an OFF state, and do 
not operate. Moreover, current 111 flows between a 
power terminal T3 and an input terminal Tl, and 
current 121 flows between an input terminal Tl and a 
power terminal T4. 

[0069] Next, at time t2, a switch 1 12 is set to OFF and 
switches 123 and 124 are set to ON. Consequently, 
output voltage Vout changes with source-follower 
operation of a transistor 102 to the voltage from which 
only the voltage between the gate sources of a transistor 
102 shifted [ voltage / V10 ] promptly, and it is 
Vout=V10-Vgsl02 (113). - (18) 
It comes out and becomes stable. If current II 1 and 113 
is controlled so that the voltage VgslOl (111) and 
Vgsl02 (113) between the gate sources of transistors 
101 and 102 becomes equal here, output voltage Vout 
will output voltage equal to input voltage Vin. 
[0070] In 1 output period (time t0 f -t3') which outputs 
the voltage of the arbitrary level below voltage Vm, 
switches 111 and 211 are made off [ ON and switches 
121 and 221 ] in time t0\ Consequently, the common 
gate of transistors 101 and 102 is precharged at voltage 
VDD, and the common gate of transistors 201 and 202 
is precharged at voltage VSS. Moreover, a switch 212 
is made off [ ON and switches 223 and 224 ], and an 
output terminal T2 is precharged at voltage VDD. In 
addition, switches 112, 123, and 124 are made off 
between time t0'-t3\ 

[0071] Next, in time tl', switches 111 and 211 are set to 
OFF and switches 121 and 221 are set to ON. 
Consequently, the voltage VI 0 of the common gate of 
transistors 101 and 102 and the voltage V20 of the 
common gate of transistors 201 and 202 change with 
operations of transistors 101 and 201 to the voltage 
from which only the voltage between the gate sources 
shifted [ input voltage / Vm ], respectively promptly, 
and it becomes stable on the voltage expressed with a 
formula (16) and a formula (17), respectively. At this 
time, transistors 131 and 231 will be in an OFF state, 
and do not operate. Moreover, current 111 flows 
between a power terminal T3 and an input terminal Tl, 
and current 12 1 flows between an input terminal Tl and 
a power terminal T4. 

[0072] Next, in time t2\ a switch 212 is set to OFF and 
switches 223 and 224 are set to ON. Consequently, 
output voltage Vout changes with source-follower 



operation of a transistor 202 to the voltage from which 
only the voltage between the gate sources of a transistor 
102 shifted [ voltage / V20 ] promptly, and it is 
Vout=V20-Vgs202 (123). - (19) 
It comes out and becomes stable. If current 121 and 123 
is controlled so that the voltage Vgs201 (121) and 
Vgs202 (123) between the gate sources of transistors 
201 and 202 becomes equal here, output voltage Vout 
will output voltage equal to input voltage Vin. 
[0073] In addition, when current 111 and 121 is equal, 
the current-supply-source capacity of the external 
circuit which supplies input voltage Vin can operate the 
drive circuit of drawing 12 easily also by the low case. 
[0074] The above operation has input voltage Vm to 
some extent higher than voltage VSS, and is operation 
in case transistors 101 and 201 are ON states in the case 
of the low voltage range to some extent than voltage 
VDD. Next, input voltage Vm explains operation in 
case near, a transistor 101, or a transistor 201 becomes 
with an OFF state to voltage VDD or voltage VSS 
below. 

[0075] Although it becomes the voltage as which 
voltage V10 is expressed in time tl by the formula (16) 
in the case of a voltage level with the input voltage Vin 
near voltage VSS among ttime t0-3, the voltage as 
which voltage V20 is expressed in a formula (17) does 
not become. Input voltage Vin is because, as for this, 
near and the voltage between the gate sources of a 
transistor 201 become off [ a transistor 201 ] in the state 
below a threshold voltage at voltage VSS. Although the 
voltage V20 immediately after time tl is the voltage 
VSS precharged between ttime t0-l, current is supplied 
to the drain of a transistor 203 by operation of a 
transistor 231 from an input terminal Tl, and voltage 
V20 can be pulled up on the middle voltage of input 
voltage Vm and voltage VSS. If the current-supply- 
source capacity of a transistor 231 is higher than the 
current-supply-source capacity of a transistor 203 at 
this time, the current which flows to a power terminal 
T4 will turn into the current 121 controlled by the 
transistor 203 from an input tenninal Tl. Therefore, 
even when input voltage 'Vin becomes off [ a transistor 
201 ] by the voltage level near voltage VSS, current 121 
can be passed between an input terminal Tl and a 
power terminal T4. 

[0076] moreover, the time tO - '-t3' - although it 
becomes the voltage as which voltage V20 is expressed 
in time tl' by the formula (17) in the case of a voltage 
level with the input voltage Vin near voltage VDD in 
between, the voltage as which voltage VI 0 is expressed 
in a formula (16) does not become Input voltage Vm is 
because, as for this, near and the voltage between the 
gate sources of a transistor 101 become off [ a transistor 
101 ] in the state below a threshold voltage at voltage 
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VDD. Although the voltage V10 just behind time tl 1 is 
the voltage VDD precharged between time tO'-tl 1 , 
current is supplied to an input terminal Tl by operation 
of a transistor 131 from the drain of a transistor 103, 
and voltage VI 0 is reduced by the middle voltage of 
input voltage Vin and voltage VDD. If the current- 
supply-source capacity of a transistor 131 is higher than 
the current-supply-source capacity of a transistor 103 at 
this time, the current which flows to an input terminal 
Tl will turn into the current 111 controlled by the 
transistor 103 from a power terminal T3. Therefore, 
even when input voltage Vin becomes off [ a transistor 
101 ] by the voltage level near voltage VDD, current 
II 1 can be passed between a power terminal T3 and an 
input terminal Tl. 

[0077] As mentioned above, the circuit blocks 130 and 
230 cannot be based on the voltage level of input 
voltage Vin, but can pass current 111 and 121, 
respectively, and the function of a current control 
circuit also has them. 

[0078] That is, the operation as the switch 222 of the 
drive circuit of drawing 11 and the current control 
circuit 204 with a switch 121 and the circuit block 130 
among ttime t0-3, a switch 221 and the circuit block 
230 carry out the same operation as the switch 122 of 
the drive circuit of drawing 1 1 and the current control 
circuit 104, and same [ operation of the drive circuit of 
drawing 12 ] between time tO t -t3 t is carried out 
Therefore, the operation of the whole drive circuit of 
drawing 12 is completely the same as an operation of 
the drive circuit of drawing 1 1 , and the performance is 
also equal to the drive circuit of drawing 1 1 . 
[0079] Drawing 14 is the circuit diagram showing the 
form of operation of the current control circuit 
concerning this invention. In drawing 14 , the circuit 
block 500 is the drive circuit which constituted the 
current control circuit from a transistor, and the circuit 
block 30 is a bias circuit for controlling a current 
control transistor with a sufficient precision. The circuit 
block 500 is the example of the drive circuit of drawing 
1 , uses the transistors 1 and 2 of drawing 1 as the 
NMOS transistors 501 and 502, and uses the current 
control circuits 3, 4, and 5 of drawing 1 as the PMOS 
transistor 503 and the NMOS transistors 504 and 505, 
respectively. The gate of the PMOS transistor 503 is 
connected to a tenninal T5, and the gate of the NMOS 
transistors 504 and 505 is connected to a terminal T6. 
In addition, supply voltage VDD and VSS is given to 
power terminals T3 and T4, respectively. 
[0080] The circuit block 30 is a bias circuit which 
supplies bias voltage to each gate of the transistors 503, 
504, and 505 which act as a current control circuit A 
bias circuit 30 consists of NMOS transistors 3 1 and 32 
and PMOS transistors 33 and 34 which have the same 



Ids-Vgs property. A drain is connected to a terminal T5, 
the source is connected to a power terminal T8, and, as 
for the NMOS transistor 31, voltage BIAS is given to 
the gate from the exterior. A drain and the gate are 
connected to a terminal T6, and, as for the NMOS 
transistor 32, the source is connected to a power 
terminal T8. A drain and the gate are connected to a 
terminal T5, and, as for the PMOS transistor 33, the 
source is connected to a power terminal T7. A drain is 
connected to a terminal T6, the gate is connected to a 
terminal T5, and, as for the PMOS transistor 34, the 
source is connected to a power terminal T7. Since 
common connection of the gate is made and the PMOS 
transistors 33 and 34 have the same Ids-Vgs property, 
the current between each drain sources is equal, and 
makes this current 14. Current 14 is controlled by 
voltage BIAS, and the voltage BIASP and BIASN of 
terminals T5 and T6 is controlled by current 14. In 
addition, supply voltage VDD and VSS is given to 
power terminals T7 and T8, respectively. 
[0081] In consideration of property change of a 
transistor, each element size of the PMOS transistors 33 
and 34,503 and the NMOS transistor 32,504 is 
designed here, and if current 14, 151, and 152 is set up 
so that current 15 1 and 152 may become equal, it can be 
made to make it not dependent on the current-supply- 
source capacity of the external circuit which supplies 
input voltage Vin, even if property change of a 
transistor arises. Moreover, in consideration of property 
change of a transistor, each element size of the PMOS 
transistors 33 and 34,503 and the NMOS transistor 
32,505 is designed, and if current 14, 151, and 153 is set 
up so that the voltage between each gate sources of a 
transistor 501,502 may become equal, even if property 
change of a transistor arises, voltage equal to input 
voltage Vin can be outputted. 

[0082] As the easiest above-mentioned method, a 
transistor 501,502 is designed in the same element size, 
the PMOS transistors 33 and 34,503 are designed in the 
same element size, and the NMOS transistor 
32,504,505 is further designed in the same element size. 
In this case, since the equal relation of current 14, 151, 
152, and 153 is maintained even if current 14, 151, 152, 
and 153 is equal and property change of a transistor 
arises, it can be made to make it not dependent on the 
current-supply-source capacity of the external circuit 
which supplies input voltage Vin, and voltage equal to 
input voltage Vin can be outputted. 
[0083] As mentioned above, the highly precise voltage 
output which it can be made to make it not depend for 
the drive circuit 500 on the current-supply-source 
capacity of the external circuit which supplies input 
voltage Vin, and is not dependent on property change of 
a transistor is realizable by forming a bias circuit 30 to 
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the drive circuit 500 which constituted the current 
control circuit from a transistor. 

[0084] Drawing 15 is the circuit diagram showing the 
example of change of the bias circuit 30 of drawing 14 . 
The bias circuit 40 of drawing 15 is the composition of 
having reduced the current which removes transistors 
31 and 33 and is passed from the bias circuit 30 of 
drawing 14 to a bias circuit. Voltage BIAS (= voltage 
BIASP) is given from the exterior to the gate of the 
transistor 34 of the direct-drive circuit 500 and a bias 
circuit 40, and current 14 is controlled by drawing 15 by 
voltage BIASP. Also in drawing 15 , like the case of 
drawing 14 , in consideration of property change of a 
transistor, the element size of the transistors 32 and 34 
of a bias circuit 40 and the current control transistor of 
the drive circuit 500 is designed, and if each current 
controlled by the current control transistor of current 14 
and the drive circuit 500 is set up the optimal, the same 
operation and same effect as a bias circuit 30 can be 
acquired. 

[0085] In addition, the drive circuit 500 in drawing 14 
and drawing 15 can be transposed to drawing 11 , the 
drive circuit of drawing 12, or the gestalt of other 
operations. Moreover, although drawing 14 and 
drawing 15 showed the case where the drive circuit 500, 
a bias circuit 30, or 40 was the composition of 1 to 1, 
when it has two or more drive circuits 500, it is also 
possible to share the singular bias circuit 30 or 40 
between two or more of the drive circuits 500. 
[0086] In relation to the publication of a claim, this 
invention can take the following mode further. 
[0087] It is the drive circuit which drives a capacitive 
load. (1) The 1st - the 3rd constant current source, The 
1st transistor to which the 1st constant current source of 
the above was connected to the drain terminal, and the 
2nd constant current source of the above was connected 
to the source terminal, and the drain terminal and the 
gate terrninal were connected further, The 2nd 
transistor which is the same conductivity type as the 1st 
transistor of the above, and a gate terminal is connected 
with the gate terminal of the 1st transistor of the above, 
and a source terrninal is connected to the 3rd constant 
current source of the above, and carries out source- 
follower operation is included. The drive circuit 
characterized by having made the source terminal of the 
1st transistor of the above into the input terminal, and 
making the source terminal of the 2nd transistor of the 
above into an output terminal. 

[0088] It is the drive circuit which drives a capacitive 
load. (2) The 1st and 2nd constant current sources, The 
1 st transistor to which the 1st constant current source of 
the above was connected to the drain terminal, and the 
drain terminal and the gate terminal were connected, 
The 2nd transistor which is the same conductivity type 



as the 1st transistor of the above and by which the gate 
terminal was connected with the gate terminal of the 1st 
transistor of the above, The 3rd transistor to which the 
2nd constant current source of the above was connected 
to the drain terminal, and the drain terrninal and the 
gate terminal were connected, The 4th transistor which 
is the same conductivity type as the 3rd transistor of the 
above and by which the gate terminal was connected 
with the gate terminal of the 3rd transistor of the above 
is included. The drive circuit characterized by having 
made the above 1st, the 2nd transistor and the above 
3rd, and the 4th transistor into a different conductivity 
type, and having made the above 1st and the source 
terminal of the 3rd transistor into the input terminal, 
and making the above 2nd and the source teirninal of 
the 4th transistor into an output terrninal. 
[0089] (3) external control — an input - answering - 
the above — the — one — and — the — two — a transistor 

— a gate terrninal — predetermined — voltage — 
precharging — the — one — precharge — a means — 
further — containing — things — the feature — ** — 
carrying out — (— one — ) — a publication — a drive — a 
circuit . 

[0090] (4) external control — an input — answering — 
the above — the — one — and — the — two — a transistor 

— a gate terminal — and — the above — the — three — 
and — the — four — a transistor — a gate terminal — 
respectively — predetermined — voltage — precharging - 

— the — one — precharge — a means — further — 
containing - things - the feature — ** — carrying out — 
(— two — ) — a publication — a drive — a circuit . 
[0091] (5) A drive circuit given in either of (1) - (4) 
characterized by including further the 2nd precharge 
means which answers an external-control input and 
precharges the aforementioned output terrriinal on 
predetermined voltage. 

[0092] (6) the above - the - one - and - the - two - 
precharge - a means - the above « external control — 
an input — answering — on-off control action — 
carrying out — the above - a transistor - a drain - the 
source - between — current — controlling — a switch — 
containing — things — the feature — ** — carrying out — 
(— five — ) — a publication — a drive — a circuit . 
[0093] (7) (1) characterized by both making the above 
1st and the 2nd transistor into either an N channel type 
MOS transistor and a P channel type MOS transistor, 

(3) , (5), or a drive circuit given in (6). 

[0094] (8) (2) characterized by having both made the 
above 1st and the 2nd transistor into either the N 
channel type MOS transistor and the P channel type 
MOS transistor, and both making the above 3rd and the 
4th transistor into another side of an N channel type 
MOS transistor and a P channel type MOS transistor, 

(4) , (5), or a drive circuit given in (6). 
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[0095] (9) the above - the - one the - three - a 

constant current source — a transistor — an element — 
this — a transistor — an element ~ corresponding - 
preparing - having - the - a gate voltage - controlling 
— a bias circuit — constituting — the — the source — a 
terminal — a drain - a terminal — between - current — 
regularity — carrying out — having made - things — the 

feature — ** — carrying out - a claim - (- one — ) 

-(- eight-) 

[0096] (10) The aforementioned bias circuit which 
constitutes the above 1st - the 3rd constant current 
source, respectively is a drive circuit given in (9) 
characterized by giving the same gate voltage to the 
aforementioned corresponding transistor element 
according to the bias voltage inputted from the outside. 
[0097] (11) Both the above 1 st and - the 4th transistor 
are (1) - (5) characterized by being a bipolar mold 
transistor, having used the emitter terminal as the 
aforementioned source terminal, having made the base 
terminal into the aforementioned gate tenninal, and 
using the collector terminal as the aforementioned drain 
terminal, or a drive circuit given in either of (9). 
[0098] (12) Drive circuit system characterized by 
sharing the aforementioned bias circuit between two or 
more implications and these drive circuit for the drive 
circuit of a publication to either of (9) - ( 1 1 ). 
[0099] 

[Effect of the Invention] As explained above, by 
connecting gate terminals, connecting one gate tenninal 
and drain terminal of a transistor, carrying out source- 
follower operation of the transistor of another side, and 
controlling the current between the drain sources of 
both transistors, this invention is easy circuitry and is 
effective in the ability to drive a capacitive load by high 
current-supply-source capacity. 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 
[Drawing 1] It is the circuit diagram showing the 
composition of the 1st of the gestalt of operation of the 
drive circuit by this invention. 

[Drawing 2] It is the circuit diagram showing the 
composition of the 2nd of the gestalt of operation of the 
drive circuit by this invention. 

[Drawing 3] It is the timing chart showing circuit 
operation of drawing 2 . 

[Drawing 4] It is the circuit diagram showing the 
concrete circuit of drawing 2 . 

[Drawing 5] The timing chart in which (a) shows 
operation of the circuit of drawing 4 , and (b) are the 
voltage-waveform views showing operation of the 
circuit of drawing 4 . 

[Drawing 6] It is the circuit diagram showing another 
concrete circuit of drawing 2 . 



[Drawing 7] The timing chart in which (a) shows 
operation of the circuit of drawing 6 , and (b) are the 
voltage-waveform views showing operation of the 
circuit of drawing 6 . 

[Drawing 8] It is the circuit diagram showing the 
composition of the 3rd of the gestalt of operation of the 
drive circuit by this invention. 

[Drawing 9] It is the circuit diagram showing the 
composition of the 4th of the gestalt of operation of the 
drive circuit by this invention. 

[Drawing 10] The timing chart in which (a) shows 
operation of the circuit of drawing 9 , and (b) are the 
voltage-waveform views showing operation of the 
circuit of drawing 9 . 

[Drawing 11] It is the circuit diagram showing the 
concrete circuit of drawing 9 . 

[Drawing 12] It is the circuit diagram showing the 
example of change of drawing 1 1 . 
[Drawing 13] The timing chart in which (a) shows 
operation of the circuit of drawing 12 , and (b) are the 
voltage-waveform views showing operation of the 
circuit of drawing 12 . 

[Drawing 14] It is the circuit diagram showing the 
gestalt of operation of the current control circuit 
concerning this invention. 

[Drawing 15] It is the circuit diagram showing the 

example of change of drawing 14 . 

[Drawing 16] It is the circuit diagram showing the 

conventional drive circuit. 

[Description of Notations] 

1 Two Transistor 

3, 4, 5 Current control circuit 

11, 12,21,22,23, 24 Switch 

Vin Input voltage 

Vout Output voltage 

* NOTICES * 

Japan Patent Office is not responsible for anydamages 
caused by the use of this translation. 

1. This document has been translated by computer. So 
the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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$+i-5di:$^afr-SSS^4fEecOSEi!)tE]a. 

[If 1 0 ] fiJaEm 1 ~a 4 <OS3ft*H»Eli8A^ f 
- V • V-XKS)E<0*It»lc J: y aa5t*iliip£*v& n ^-v 
*;uU:Rli p * -v *;uS<0B3S«Mffli h ^ > vX * x-mtft 
* ft -S c <k * ftSt <k -T & SS#JS 5 IEKcoK»m 

[If**11] A*aiE£§lt£A;OiiS^£di*iai£ 
^itirtf SmAS^i: ***i-eh.#Wrr*a 1 ©ESilHl 
KSt;iB2cOlEilllHl8S«!:. 

iaiEA*^iE(=t& isTfissm 1 (osESbiHiKsr/srfE^ 2 

COSBKllHlS&cO'>fc < i:=fc-7j£I!ltt£-t±-&SBI!l¥-&££ 
HfES5 1 _ cOSEf!l0»l*. 

Kl^^y—h ft.. V— XA<8iIiEA*Si : F- 

l=f^*tif=m 1 CO n ^-v*;H! >v^9 
K U-f 1 (DBSMKF*t»tt£*u V— XjWBEttl 
^SS^lcJS^^tt. hlCHirSEmicOn^-v^US'H 
^V^X^coy- hMEEi:^L^mffi^Slt-5m2cOn 

liJfEmi CO nft*JH K7>vX$ CO KU-f> (<f— 

h) t v-7.t<r>fSi\~m^^%^^vmti>w. 1 cosss 

B>IfEm2C0n^-V^Hi l-5>i>X*<0 KU-f >tV— 
X t corai=3S*i.-5m3!E**lj»-r 2 cOS3S*l«9#S 

fJlE^2C0SEi»lelS§l*. 

KU-fVi^— ht*<^SE*^.. V— XA<tJfEA*4SS^ 

izfemz4xtzm-\ (Dp^-v^-jvm h^vv^t. 

K U-f 2com««^* t ^SE*H. V-XA<fIiEffi 
7 V i?X ^ coy- K SIE 1 3f L U^IE ^ S It -SIB 2 CO P 

h) t v-Xt<orai=3a*t-SSj3!t**'l^'5>^3<oa3!t 
UaESB 2 CO p I-7 >i?X^ CO K U-f ><t V— 

^. t cor B n=3!t*t-5sat^ *ijip-r %>% 4 cos3t*H»3Ma 

[IS^XS 1 2 ] SUES! 1 toSa*i]»#Sli. SB 3 COS 
SiS^irBlrSESBlCOn^-V^/USK^V^X^cO KU-f 
> (>r-h) t<orai=m«**tfclfi1coa3!tfSi|8PIslK* 

S5IESB2COSaSiIt»P#SI±. flfIIEtil*4il!iFi:«4(0«» 

t o>mzm&£*itz& 2 coasit*]i»®i&* 

ffIlEB3cOS3SlSil!»#SI*. ISScoajgiJS^tfJfEgil 
cOp^-V^US h^i/^X^COKU-O (-7*— K) 



( 3 ) !f#rj32000-338461 



itmm 1 3 ] ifrssm 1 <Dffiiaia]!&i±. sassA*^ 

£ftt&£:?--5>tijfcJl1 1 2SBt£©iBi!)le]S&:>;*7 L 
A. 

[IS*iI14] BfJlBAaag^ BilsHaa^ffl^t/mlfB 

[is^ii 1 5 ] neman?* <tti *f jg<om 

[if#*Sl6] BUIBIB1 ©n^A^US! h^l^X* 

of— hmffi*Rif^<»mi (dsei-^'j^ 1 ^— v-r am 
> $ ©y— i-mE-zmiZtom 2 comsic ^ y t- 

«t-r-i>8t#Jl1 4fBt£tf>SEi!]|Ilg&S'X J f A„ 
[iS^H 1 7 ] BilfBlfS 1 ~% 4 0>33S*I8PIh]I&*<. * 
— h • y— xraaaroffltipic^yasSfflWSfi^n^-v 

*JUSX(£ p ^**.;i/£!©SB3!E#!W h 5 > i>X* 

c £ ^^.t^-SIi^^ t 2fB«W>KiaiHlS&vX 

[&s*ii 1 8 1 mim 1 ~m s om^uumm^. v 

**t.5c:i:£!ftt&<t-f £8S#£1 3|BK(BSB»[hJS&vX 
fA. 

[IS*« 1 9 ] IS*3S 1 ~ 8 (Divf *t*Mc|E«ro8BS& 
@S&XI*S^9~ 1 4©^-rtt*M=SB«OKS!llHlS&v 
XxAlc^^^xS^fiBn^^^UScOSatSliW l-7>y 

x^ii^cy-h ■ y-xr.siSEE£*rf ©n^* 

If*« 1 ~ 8 <D^-f :KAM::fB«cDrcB@?&XI±Sit*JS9 
-1 4©U-T^(ztBK(D|gi!iIi]Ki>X ; f 
*IBp^**^SI©«ai*HlPh7>2?X4ii:Bi:y— h 
• V— xraaiES^U^OfllBIBiron^-V^USh^ 

v— xraajjsi^^-r-s^KDp^-v^nih^ 



* st? c * £ -r S /<-f T X lass. 

[IS^S 2 o ] IS*3g i~io ©ufttfr©^^ 
1 9OT/W7X[a]S&£^K 
SSt<DfflIB5gl!lllS&-C|!lIB/ <<f 7^@8Jftfflt Z> «fc 5 
ic Lfc - 1 Zttmt-t SIBiSIalSSv'X^Ao 

[IS^« 2 1 ] I8*JI 11-18 OlvftifraHMIiH 
S&^XxASIgjSl^*. ££1=11*111 9 0>A>f 7X0 
tt***K IgiarofFlBSBtbllSSvX^A-eilllB/UTX 
@S&£&ffif S <fc a (= Lfc C i: £ ftH&t^SSEKllElS&g 
S. 

[000 1] 

[&BJ3a>g-f -Sftffitf-If] **B^liSEi!)|5JS&. SB»SS& 
vXf A, ;i;Kii(=JB^S/<-f7X[I]S&;&tfBBIft[s]S&g 
■f=HU *I=;M«;k8K (LCD) ©SBlSHS&roiti 

}Sjtf>SBSllI)E8. SBiSIlISSvXxA. ^*tt,lzfflL^/\*-f 
TXHISau:iBil)|5|SS^SI=H-r^a 
[0 0 0 2] 

m&m&m (lcd> ico^rittw-r^. -ftsi~. t-? 
mt. mwtmmmms.TS&mt- : ?>'sx* (tft) 

i=*» * » a l fcita** & a y . x -y >ym.m*tt 
otft * wffli-r - 1 1= <fc y =&umaffi(=Rifs<DStt 

So 

[ooo3] ##tt:s«Jticii s z-wm'mm^mixntz 
amov^^nm. (PgiasaE) ^ais^—S'^.t. tf 

jtSIS t ©^MSIIC* C * fS^ <fe y ^#att 
— *«£fl-L-cm?*U 1 7U- A^raic^— 5i«{=-3 
x-^ ^IBiilelSSl*>:#^§ai4m«-Cfe'S7 ; — 5« 
[0 0 0 4] cro.fe-plcv 1 — 5«^8ES!)|5|ISI*. #aa>*: 
y. ^(D^£jSfc-rfcA6(=«'*<f7 ; -^^SBi!llHlK<© 

[0 0 0 5] 01 6l-fct^T. ^TV^It^l/T— v 
74-P9i:<forfcy. A73«BEV i n<k3¥LI^SIE£ 
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tl^o £I»ii*SJ£6 1 01*. «9Ktt«Hfe6 O 1 £. 
^CSttStt^PMOS h7>vX^603, 604 
<h. ^C^tt^t^NMOS h7>vX^ 6 0 5, 6 

0 6T?f»/££*l£o NMOSh7>vX^ 605, 60 

6l*y-h£5U V— x^5L*<*ii««**u 

NMOS h7>v^^606liKU>f>ty- h^ttil 

[0006] PMOSh7>vX^603, 6 0 4I*V 
— X*<*iI««3F*U PMOSh7>vX^603lt 

h*<A*SS^T 1IC»«2*U KU-f >*<NMOS 
h7>vX^ 6 O 5(D KUOttSS^ Wo PMOS 
h5>vX*6 0 4li. y-h*<ft*l«^T2(Cl8JS2 

<t*£8S2;h£o S3t*]WlElK6 0 1 ItlMTT 1 3 t 
PMOSh7>vX^603, 6 0 40>V— X4rO>MI= 

[0 0 0 7] tli^llitSK6 2 0(i. S3E*lffll[E3S& 

6 0 2. NMOS h7>vX^ 6 0 7. §1^6 0 8 

-t?fiti«*^^o *9KfM«B»6 0 2tt«Stt?T 1 1 k 

tU^aSTT 2ta>P B 1lr«l**4x*o NMOS h7>vX 
*60 7l*. KU^>*<ffl*ffl^T2lC««<k*U V— 
XtfWMJB^T 1 2(Cfg^^Ftt. ^-htfPMOS 
>vX$ 603tNMOS h7>vX^ 6 0 5fl)Kl/-f 
BH»608ltNMOS h 

7>vx^ 6 o lof-ht&jiv&i-T ztomzm* 

£*l£o S5S*l»lBl»60 1 . 6 0 2(C<fcy»I» 

£*l£B;ffi£ 16 1. I62^U iSa^T 1 1 . T 

1 3(C(iSIEVDD^. S^ig^T 1 2. T14ICIM 
IEVS S *)<^*.£>;h£ 0 

[0 0 0 8] tt*tt?T2(Cli«ttJMV0>5*— 

*7*>fciJ;&*EV out$PMOS h7>vX^ 6 0 4<7> 

(DM^I±. fctirtBEV o u t j5<A*»EV i n <fc U(Sl% 
NMOS h7>v^5 6 0 7 G>tf — hBJ££*3IT 
lfS>*U NMOS h7>vX^6 0 7li-SWW7tt 
ffitfcy. IB AIE V o u t ttUMNBS 6 0 2 * U 

tttt£*L«*9ki 6 2i=*y«E#5i-tif&*L«. 

[0 0 0 9] — di^DS/EVo u t *><A;fcS]£V i n 
*yS5LM»£\ NMOSh7>yX^6 0 7^-ht 
Eft<5i±lf&*U NMOS h7>vX^6 0 70)SlttlC 
cfcy. iti*BGEVo u tI*3ITIf b*L^>o C<D££. N 
MOSh7>vX$605, 6 0 6(*. ^tl-fjfX KU-f 

ttirtSGEVou t(*«SLfc*<bA*WEV i n(=a*> 



[0 0 10] CtllCcfcy. #HiAJ«[acr 
<tlcpgi)gStt/><A*mEV i nfcLrA*4*i4i. U 
*ffi^T 2(c»«S*tf=x-*«8«(=*L^«a«»*6 

[001 1] *fc. ^-^r>^i*. y>xjt» 

[0 0 12] 

[*!»*<»* L«fc 5 L^L**<6. Ell 6 

y . "«o*'<7>?«*-a)*aH» , (?i*t4 

[0013] **Mr*±aLfc«*ft«fl!)*jai*»*-r 
-&f=«xc/cj:**Lfcta>-efey. ^ogwi* h^>£>x* 

a. c*i&icfflt^/<-rTxs»at;«E«iiitt3jfflcs» 

[0 0 14] 

(i. A*«ffi*JBl©«lE(=U^U«a-r«u^** 

fHE»io>«iE*y— n=*it. ffiriEA^sii 

x*<t. Btrssmi cd h7>vx^(DKL/'<>- y-xia 
ec»*i4«ss*«i»-r**ia>«aiw»*«i:. me* 

i*. »ESifl)K7>vx^iis-»tS'efcy, v— 
xic«naA*SE*S(t. *a*«LfcKu-f>ty— 
h*yiniE»i <o«iE*ai*"r*JB2(D h5>s>x* 

<t. hS!H*2cd h7>vX^(DK^> • V— XHdgE 

[0 0 15] **BJHCcfc£fiS<DK»@KI±s 3£10>3S 
aS^<h. A*SGE££(f£A:fcSST-<!:. tii^aiE^tiJ^ 

eat io) h7>yx^iH-»iat?fcy*oKi/^ > 

A<m«*tt^- HrffijaEIB 1 (7) h7>vX9^- h« 

ffi*Li^«E*ait4«2a>h j 5>e>x*i. «rfBm 

1Oh7>vX*0)Kb>r> (y— h) <t V— X&tDRO 
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js^ i: on i=is & $ *tfcm 2 a>«acti«p hb&jmi * tr 
i=j««**ifc*3a)«a«i»ii»**«4i*"C*ft^. 

[0 0 16] «rBA*«W. A!lfHtli*iS^at/fJfBSjlS 
pJSgfcX-f -v^Si:. BfFSBX-f-v <?#©*>:& tf* 7 £ 

*»**;w *»=#A/c*ai\i nte 

ff§1 ©:?U^-*— -yffSSIUtA/T-tSU. 15fBfg1 
[00 17] *#6BJjlcJ:*tt»ils]j&«>x-T-AI*. A2>^ 

E£g it* A^as^ i as a tu a*- * m aas^* * 
**i**i**r«* 1 ©B»Bi»atfS!2<j!)B«Bitt 

i. «TlHA**EE(=l£i:-C«IfE3R 1 ©SEtbliaat/SlSB 
« 2©SBiSlHlS&©'>fc < 1 *1**ffiM*K 
tWB* 1 ©B»H»I*. KU-f H: 
*<»«<**U V-X*<lfflfBAa^lctg8i£*tfcSg 1 © 

h (cfFfBlB 1©nfA-*JHI-7^9 ©y— h SEE 
£3f Ll^JESSlt*B2<0n5 1 -\'^-JH! K^i/S?*.* 
i. WIESS1 ©nft**S K7>S>:**© KU-f > 

«>«a.»l»*»i. «ne»2«>n***JU»K5>5?X 
$© KU-f >t V— X£©I8H::jft*i*«ffi£*l8P-f *S5 
2©S3StSi]i»*l6i:s WJB*2©BMia»l*. 

i:»S*W:g1(DpfA'**ih7>vX$i < KU 

it. y— h i= Hfrssm iffl P f+ *jua h7> 

vX* ©y— HSJEiSi L 5Elt*« 2 © p =f- v 

H9>S>X5» t. ttlESSl ©p^-V^VUSJ h7> 

5?7^©Ki/-f> <y— h) t v— xi©p B i(=3?tH*a 

3![**iai-r*«3©«3StjHj»^Si. flrtB^©?^* 
*JU£ h7>vX$© KU-f >t V— x£©mi=iifrh.* 
«3St^*I^i-r*m4©S3il*I»#S!i. 

tat-r*. nutB* 1 ©S5ftf$iw#si*. SB3©af5«^- 

£MB1^©ng 1 **./Ul!h : 7>vX$©KU-f> (-7* 
-h) i©P B llcJg^4*Lfc^1 ©Sj3S*lffli@l&$^. 
frlB«2©«3!t*l1W^KI*. mIIBtil7l4iS^i:B4©a^[ 
4SS ; f-i:©fBl(=JS8E*^fcm2©a3!t«t|t»[al»^^. »F 



IBm3©S/lS*)ffli#SI*. SB5©mil4S^tB58BlBl© 
p?**)\>W. h5>v?X^© KU-f> (y*— h) <b©P B 1 
tcte*S£;ftfcSs3©S3Sf|il8fll§]S&£#*-s «IaB?g4©a 

t£tS£*ifcSS 4 ©S3S*i]j»[Hl8S*^t c <t £ <ft& * -f 
*. HiFlBlfn ©SEfblslS&l*. MBAaaS^irSg?©^ 
STf-i ©IffllclSlfc* *if=S& 5 ©t!3&ftliJPlE]S&£ 

B t[SB»2©IB«lE8»l*. tflfBAaaS^SBS©^ 

[0018] ^wic«fc*ffi©SBi!)[H]imv'X7 L Ai±, «r 

©S* : FPB'ilc3fl+L* a 13S*5g»r-r*Ci:A<pI^!{fX-i' -y^ 
S?.fc, TftSBX-f •v ; ? 1 »©^->aU : *7$*i|»-r-5X-f -v 

36^|cj:*fte©BIS|nlS&vX-rA(*. BfFfBfflaiS^'J* 

)&<iti ^©heic^'j^y— y-r *mi ozf'jf- 

tifeWElblHlSSvX-rAI*, ItriBIg 1 ©n^-v^US h7 
>v7.^©y— haltt*m^©^ 1 ©allll-^'J^^— 
i?t5S!2©^i;f-v-y#Si:. flrfBSB 1 ©p^-v* 
h7>vX5 ©y- HSIE^ Rlr^©^ 2 ©mffil= ^ 
>; ^-v— v-T *fg 3 ©^'J ^A'— 
ir$^««h-r*. fraBSl ~m 6 <7>^3SE*JffllIU£S 

i*. y-h ■ v— xPBisE©*i]w=j:ysjjs$ii^*+i* 

7?«lfiE$*t* c t $t$Sti:-r*. 
[0 0 19] *f§BJ|cJ:S/<-fTX[Hll^l*. ±SBSEi*lel 
l&XliifBSEiSlHlS&vX^Alc-^^H*^ n 

s©S3ii$i]» tpi:y— h • v— ^.isims. 

tmiKOnftWil-^^ait, ±IBSEi!l 
lll8&XI*±8BEi!)lsll&v^.7 L Alc#**i.*fI8B p ^-v* 
;uS)©H3Sii|® h=7->\>7*$hmif— h • V— X|H« 
E^^L^OfllBSB 1 ©n'f -V^S h7>vX$© K 
W> • V-^IBISatSf Lt^#4© KU-f > ■ V- 
XfiUSift^-f *Sfs 1 ©p'f-V^US! h7>vX$t. 

[0 0 2 0] *f§Mict*fl6©SEij)lHlSSvXxAI*s -t 

Eiuniai»««ftd». $e»i=±SB/N*-fTxia]ss^$ 

ffig[©IESlEl8S-C/NV TXl2lSS*ftffl-r*<fc-5l=L 

[002 1] *J6Mi= J;^SESl[H]S8SSI±, -htBSBiSH 
g&vX^A^ISSt^. *e>l=±IB/<-fT^.lsll&$# 
^. HS)[©SEi!ilHl8S->X-rAT?/N'-f TXIslK^^ffl-f * 

[0 0 2 2] *|BM©ffi«)ll»©^ffl$JaT(=KW-r 

So 

[0 0 2 3] SBl©K5>^X^©y— h ■ V— XRSnl 
KU-Y^- V-XPBia3S*<Si]ffli**i*i:-S:lc^ 
**. *<J>tztb. A^iSllV i n*<|g 1 © h^VvX* 
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H&t. V-X37*Q?fijf|n^£ft£ 0 ZZX-mzO 
S2(D h5>vX*0>y-h ■ V— XBBWE4-* 

fcSI£-C£5£<!:ft£o 
[0024] fifeoT. Sl&t/IB2(DK^>i>X^(7>K 

K> ■ v— xffl««E**«P**£i:U:* y % A*IE 

V i n(Cj£i;*:SE£fcb2lSmVo u t £ LtaUttf 

y . tb^JSBE V o u t £A*S/± V i n icjfc i:f:IEC 
[0 0 2 5] 

TfcHB-raftBicfcivci*. ffi<DB*HaMM*Ki*H- 
[0 0 2 6] E 1 (**9§^lCcfc«ffitblHl»(DllSfia>-^ 

h««**-r*n-»«Ha>2oa>h5>e>x* i . 2 

h*<*«a?*t. V-Xj6<A*tt^T 1 l=tt«E3*i?l* 
-2)o h7>yx$2li, Ku-f T 3 icj&ffi 

?T3i:h7>^ji1(DK^> W-h) <hP«Hcfi 
■ft«MBtt3*<lftlt£*u UWT3*6A*W 
T 1 ^3!*l£S3e£ I 1 (c^lffli-r^o ArtaSTT 1 tm 

MM*TAka>mizitw*Mmmm*ifi&Mti£fr+ a* 
&o u***T2t«ass^T4i:a)iaici**a[*iwi§i 

*5*<*«**U tti*«TT2*&«a«ffT4^Sl*L 

V o u t =V i n + V g s 1 (11) 
tttio COijffcHaWEttBI*. S3SSEE 1 £S35 
BBEE2<DBI£ffiffifrP>'>ft< h7>vX$ 2<7>y 

- h • V-XIWEV g s 2 (13) a>«EE«f£lt»l* 
»E«Sffl£ft&o 

[0030] d^t? h^VvX* 1 % 20>*3h^*UDy 

— h ■ V-XHIEV gs1 (11) , Vgs2 (I 

3) *<*L<ft**a^«an 1, i3tn«t*iifc 

a (5) <ty tb*)S0EVo u tfiA2iBGEV i n£^L 
Vgs1 (11) -Vgs2 (13) *«*fcLfti* 



*«3!t*I 3|C*|»*T^ 0 «SMj^T3, T4lCl***l 

T2(=ttMttft«A<»tt**trL^to>i:-r*. ft 
fc\ hi*o8* rsj c* h5>^x*(Dv— xtt^-e 

[0 0 2 7] ■lCE>HltMa)lkff«iilTlc|MR-r«. 
TJMIffT 1 ICA^SEV i n*<A*)**L«4:. h7> 
vX* 1 hWEV 1 (iA*)SEEV i h=?> 

vX$ 1 <Z>^— h ■ V— XIBMEV g s 1 f£(t-r*Lfca 

s^ary. 

V1=Vin+Vgs1- (1) 

T?S£*l&o h^>yx*l*KU-f > ■ V— 

Xfln«3iLI dst^-h- V— XBSEV g s £<Z)fiaic 

@*ro>*#tt (jeitt. i d s-vg stttttiM") 

U h7>5X> 1 ©V- h • V-xBtEV g s 1 

its K5>5?X* 1 <D I d s -V g s»ttt«aE I 1 

J:ot-»:e*«. h7>vX^1(DK^V'V" 

XPp1M3SA< I 1 £ft&B#<7>^- h - V— XHSGE£ V g 

s1 (11) <t-f£<t. h7>vX^ 1 (D^— hSJEV 

11*. 

V 1 =V i n +V g s 1 ( I 1 ) — (2) 
[0028] h^>S>X$ 2(7>f— HCWEV 1 

*<Blin**tSt. iiSzfcigEEV o u t liSGEV 1 
>vX2 2<7>y- h • V— XIHWEV g s 2/£(tr*tfc 

V o u t = V 1 -V g s 2- (3) 

fit, U*«ffVo u tlih5>vx^ 
2© KU-f > • v--xHl«ato< I 3<h*L<ft£<tc:;5 
T?SSt§o ^0)k£(D K7>vX^ 20>y— h ■ V— 
XRHSEEVg s 2f±. h7>vX^2(DIds-Vgs 
»ttt«S(EI 3ICcty. Vgs2 (13) fcfty. tiJ* 
SEv outl 

Vout=V1-Vgs2 (13) — (4) 

-c£5£<tft£ 0 

[0029] it (2) % it (4) *y. A*SIEV i n 

A<~ga)t#(?)aj^iEv o u t i*. 

- V g s 2 (13) ••• (5) 

*3ft h7>vX$ 1 , 2 0ig^-*-YX;&tfa3t I 1 . 

X^1 f 2CD^-9--rX&t^B3fE I 1 . i3S^f*i 
«L<K*Lfcy* *fctth9>S>X* 1. 2©ft* 

ii/ft*»x.r. ^^*;HBJt(=j£i:T«aii 1. i3* 
ig^-r^^^tT^i*. h^>yx*a>Bffi«Eft»^* 

[003 1] *tc. S3SII 2JS3EI 1 i:*L<ft€)J: 
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ft£-eZ>zkt><-c£Z> 0 fete. *»M»B»4#«j:ix» 
A*S£V i n«tttt?«*ttBK(=+&ttB%tttt£ 

[0032] #ica*siev i ntf&ih* 

I*. SJEV 1 (£A*iSI±v i n©£fc(ctt«M*\M>Wc 

iiMLrxC (2) -ca*Hs«aEi=«fti-*o :cua 

I*. K^VvX* 20V- X^n^HjtfMCcfcy. HI* 

SttVout(*iC (5) T?a**L*«IE(za^(CjSfc 
-T^o A^SIEV i n*<«EEE2l::ifi-3< J: 31= 

Kft-r4»*ic«4. h^>vX* 2l4-B#tfHc*:7<tfe 

y . tb^siEv o u t i*B3S i 3 a>«ss«jftte*(z* 
y. 3 (5) T?a**i4«EEi=*fc-r*. fete. 

h7>vx^ 2o>y— h • v— xBVE**BBBEi=is 

t^StOo ^fe;fc>*>0 1 4>BltB»0>Btttt4)f*« A 
*SJEV i nA<BJEE 1 |ciS^<«fe5«=J6ft"r*»*l= 

BA A*SEV i nA<^GEE2(cift^< 
Kfc-r*»*l=l*««i 3lc«*LfcBB»***o. 
*LT«»»l»Btt5(c*y«2ftl 3*BS-r*il** B 

1 aBttBtto>Bnffift£K{b$t>-«c:&ft<-c*«. 

[0 0 3 3] Ul±a>*3lciai(DBBilal»I*. ffl*fe« 
i*eBi*BlkB;l!it toe h^>5*x*a>1# 

in 1, i3*»s-r*ti*. K9>$>x*a>i*ttM& 

[0 0 3 4] *fcH 1 (Ctet^-C. h7>vX^K 2(4 
MOS h^>S>X*<D**lB#-e*LTl***<* ft&tf>S 

/<-f #— 5 K5>$>X*(cB*iM.fc»*T?*B«a>» 

&y. b*<drhi**K'T«. OTtDUffi^r^tt, 
mos h5>s>x**ffli^B»HB-e»B-r*. 
[0 0 3 5] B2i**«Hlcff«BnBB0>*2CD»K 
<DffS!S£^-f @!&E-efc£o S2li. B 1 aBMB&C: 

1 , 20^ffiy— hiMKX-f 1*<J$«£ 

tu a^T2$^ijf^-vn^uft- s?bb 

<hLT. B*WT 2 i:«SWFT 4 fc©IHIlc^-f v f 
1 2A<»«*<itl^. h7>vX^ 1 OV-Xi 
A»«TTU©IBi:il h^>S>X* lOKU-f >■ 



v— xra«ss*a»f-r*c4:(D-e**x-f ^^2 1 *<» 

BStu A*)3g^T 1 <h^;gaS^T 4 JranciliBSK I 

2*aBf^r*cta>T#*x^y^2 2aw*«**i. a 

B«*T3fctt***T2ia>BI=«\ h7>vX$2 
(0KH> - V— XPBlS;7S£&Br^£c£<7>^££X-f 
??2 3ft<lMe&*U tti^S^ T2tlga?T4i(^ 
BI=ttB9Kl 3*itK"#-*Cta>-e#*X-f *y^2 435< 

[0 0 3 6] B2(0BHlBBa>nff$B3£#BLrK 

0^-r^ o fete. B3i*ffBa>u^ua>«ffta*-r*i 

fflaJBB**"*-. 
[0 0 3 7]^!:, B»MtOCCC. X-f^f 11 % 1 
2^>. X-f7f 21, 2 2. 2 3. 24*<t7it* 
ft£ 0 ^0*Sffl. h7>vX^ 1 . 2(D^iiy-KI4S 

EE1I:, ffia«T-T2liBffiE2lc:7y5 t *— 
[0 0 3 8] B#£ijt 1 ict. x-f ^^1 1*><*- 

X-fyf2K 2 2*<t>t^Mo C0>*g^ h 
7>yX^ 1 C^frffilCcfcy. h5>S>X*1. 2tf)^il 
y— K0>mEEV 1 (4. A^aiEV i n^b h5>2/X# 
1 (D*- h • v-XB«ffi*!ltr*tfc«ffl=a^AM=K 
fbU 5t (2) -eS*^^aEEt?S^-r^o 

[0 0 3 9] JfclC. B#£ljt 2ICT. X-f 7f 1 2A<^ 
7. X-f^f 23, 2 4*<^->t^tl^o C0>S&SS. K 
5>v>X* 2(7>V-X^^-P9i(lf*lCj;y % tli^IEV 
outliS (5) -e***i-&«ffilcB^AMcKfcL. n 

m t 3 *t?ai^ai± v o u t *<{ftfc*t*. 
[0040] fete. &jiME.mmitmi <Df&m^\t&tm 

«T?*4. BicDBIbBB&BflM::* h5 2/S>X 

$ 1 . 2fl)fixf*i(Dy- h ■ V-XIMEV g s 1 
(I 1) . Vg s 2 (13) tf^L<teZ>&5\zn%Ll 
1.13 *#I»-T*itf . tU^Si±V o u t £A*SEEV 

*0)1#tt*«i*#ltL"C K5>5>X* 1 . 20>lfl : ?-*tM' 
XXtf«3tI1. I3^ffi^tLlf. h^>:xX$tf>*# 
tt£S)lc £ * fe l^SSfcii 2) # £ o 

[004 1] mm I 2£S3U U*KW«I: 

a?ia«^^^s^«^^tiii2(DffifaiaK^§^(=tt 

[0 0 4 2] SRIC. B 2 0>ESiIh3KcDI2 1 (O^HlSBi: 
Mfe^^SlcoiNTBi^-r^o B 2 (DffiftlHllSl*. 01 

^fe<>saa^^f&«*t±^c<tA<Rite-efc^o aio 

BBBBt?tt. A^BGEV i n A<a3S*EEE 2|cifi^< 

E 1 (cift^< cfc9lcaHb^-S»&lc{4 S^vX* 2 0> 
v-x^^p^iSftic^yTS^ffii&Hfe^^^o. ^c-c 
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E2 0Kil)lH]SS-C?l*s &1£<D Is* JlsOMEEi: 1 

a * ffi ra r £ t ^ as * tt =t- t 2 * s je e 2 1 c -j ■ j ^ * - v 

Tl>£ 0 CtUCcfc I 1 . 12. I 3*KP*.TtS 

-<?££o fcfc. di^iaTT2<7>^U5 1 «V-vSBEI*. B# 
£l)t 2- t 3 HIT? h5>vXJ2tfV-X7*P9ift 
t § cfc 5 felEt fctilf SE E 2 Kl^T? t S < , A*m 

I*. 

[0 0 4 3] S*:. X>f ^1 1lc££ h7>vX^» 
1. 20>*aiy— ha)3f'JT^-vl*. m3S I 1*<fc3 

3!fi 1 *iEtt(c/h*<fflx.«»*i::i*. ArtSIiv i n 

ama^- homEE^xC (2) oiEv 1 icshmnc*: 

5***1* 2(7>ftjiy-h*=&£ii^^fe1^$&^(c^'J5 1 
9B)ftL. K7>vX^K 2(B&il>f-- h(0SJ£*xt 

(2) (omi£v 1 [z&^fr\zm.\tz j £%>^ Z>o 

[0044] X>f^f2K 22. 2 3. 24 

3. T4<oft«^iH(=a[*i*«8S*a«r'r*«feai=«» 

[0 0 4 5] ftfc. 0 2<&ffi»@ftlC;fcl,N-t\ «9K«I«I 

£3ft*Lfc<fcofctc5-ewEv i&r/di^SEvo u 
-xrasao)^bic»LT ku>t > • v— xM«aw>js 

<b*<fg'tf>fr-c?&£<b. SEv 1 &tftb;bSIEv o u t a< 

2a>^iiy-ha>y-h§a^t/tii 

^3*^T2|C|g^^+t^S1±m^OSaiC^*<tt;^ 
"f £c£(::fc:6 0 Lfc;6<oT h7>vX^ 1 . 2 0)?— 

«*&H6^r*i$^lcattv 1 atfili*lEv outSS 

VSSlVou t^VDD-Vgs 1 

[0 0 4 9] El6ii0 2a)El!ils]K&(D»]<^ft^J*^-r 

1. 2jPMOSh7>vXj20K 20 2-efl*f8 

u sjsweei. E2$uf*ivss, vdd (v 



JZ£-eZ>tzth\zlt. «3S»|»HS&3. 4. 5^i$lt. h 
5>W>K 2|c3S^B35**9»*ri>-t*<»*L 
JgL±0)J:7(cia2a>BttBKld:. ifc±l*S^T 2 

aftil. 12. I 3tW**cfclc*y«5H»«*tiK 

[0046] &\zm2 0)im®v&oM:ftm&mwTtz>o 

BUlC&l^Cli* E]20> h7>vX^ 1 . 2JNMOS 
h7>W>10K 1 0 2t?flJ?JtU S?1SSJEE 1 . 
E2S^filVDD, VSS (VDD>VSS) <b L 
*:t<DT*fc<5o *fcEl2(7)ma!*lffllIelB3. 4. 5*1 
0 3. 1 0 4. 1 0 5 t L. *tl : ?tl i m$L& I 1 1 . I 
12. L1 3(C*I»-r-5 0 *fc0 2©X-f V? 1 1. 1 
2. 21. 22. 23. 24*111. 112. 12 
1. 122. 123. 12 4<tL. ±SEX>T^11 
1. 112. 121. 122. 123. 1 2 411 ^-*L 
^HH3(DX-f 7f1 1 , 12. 21. 22. 23. 2 

Atmmomm^ffoo k^>vx* 101. 10 
2<&&ii^— ho>si±*v 1 o<t-r & e 

[0047] @5li, @4(DX<<7f 1 1 1, 112. 
121. 122. 123. 1 2 40>ai8I^^5>y 
A2>mJEV i n . ihJlMf£V out. SJEv 1 0<D 

[0 0 4 8] 0 5 (a) |::i*ffit(Dl^;u<7>SEE*rti:fc 

1 mjimmtfTK&ixTi^Zo s*=. us (b) i*. 

•tZ>Wt£0>mi±XLr*mT'it>Z> o H5lc^LNT. SEV1 
QltftM t oirftBEVDDlc^gT-v— v£*u B#$i] t 
1 £L&. A^IEV i nfrb h^>^X* 1 0 1 
h ■ V— XIHBHEV g s 1 0 1 (111) t£ltr*ifc* 
Ed^bL. 

V10 = Vin+Vgs101 (111) — (6) 
-eS5£<hfc&o tll^lEVoutlt B**!j t OICSEV 
SSIC^U^*— 5>£*U. B#glJt21U&. SUV 10^ 
b h7>vX^ 1 0 2(7>y— h - V— XRilSJEVg s 1 

02 di3) Ki+r*Lfc«mc«ftL. 

Vout=V10-Vgs102 (1 13) — (7) 

tS$t^-5o ccr*v g sioi (i 1 1) tvgs 
102 (ii3) (iiEcofi-e. ^ic^L<<f^j:ai=a 
at 1 1 1 . ii 3*«wr*tii. 5t (6) . xt (7) cfc 

ytb^SEVou tliA^SIEV i nt%tL<t£Z>o * 

0 2 ( I 1 3) ••• (8) 

DD>VSS) tLtztOXfoZo *tcE!2(DB3S*]» 
0SS3. 4. 5*203. 204. 205tL, ^ft^ 
*lS3St*I2 1. 12 2. I 2 3lZ$m?Z>o *fcB2 
©X-f^f 1 K 1 2. 2 1. 22. 23. 2 4*21 
1. 212. 221. 222. 223. 224iL, ± 
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SBX>f ^211, 212. 221. 222. 223. 
2 2 4l*. ^*t^E!3 0X>r V s * 11. 12. 2 1. 
2 2. 2 3. 2 4£Btta>M»£fT5. ^t:h7>vX 
$201. 202(DftI^-hO)iESV20i:no 

[0 0 5 0] @7l£. E)6(7>X-f y^2 11. 212. 
22 1. 2 2 2. 2 2 3 OftlSSHI-^* -< 5 
mi± V i n . tU^SJE V out. SJE V 2 0 CDfSJ£2fcff2 
-Cfc-So IH7 (a) (C[*ffSOU^;bCDmJE*ai^-r^) 

1 ttJ*»lMA<3i***tTl**. H7 (b) It tti^3 

^EEVo u t ICA^SEEV i n t*Ll^«ffi*UJ*-rft 

»*<D«EE*»B-Cfc*. 

[005 1] H7l^fc^T. mEV2 0(iKSJt OCi 
EEVSSIc^g^*— B#SJt 1 1*U£. A2JBEE 
VSS-Vgs202 (1 23) 

[0 0 5 2] H8l±**B^ic«-5W»IaI»<0«3a>ieJ6 

hlgS«t§2O0)nf^^H h7>V^ 3 0 

1. 3 0 2^. #sy-hm«£^£2o0> P ^* 

;Hh7>vX^40K 4 0 2£*<i£lt£*lTl^o 

h^>vX* 3 0 1 I*. ><ty-h *u 

7-X*<A*SiTT 1 lCftJS£;ftTl>£o h^>vX* 
302fi. KU-f >A<«aW*T3(=»«**l. 7-X 
7!)<aj*3STT2I^^^^Tt>^o h7>vX*401 
I*. KU-f>fcy-hA<»«*#ls 7-X#A*«W-T 
1 lC&8&£*LTl^o h7>vX^4 0 2ll KU«f> 
A<m35a^T4(cmSl^tl. 7-XA<U:MJW-T2(::* 
SI^^TlN^o tM?T3th5>9X*30 1fl)K 

l-t> cy— h) ^ni=ama«MEi»3 0 3«<tt«d 
*u rasi^ t 3^6A*«^ t 1 ^ah*«a* i 3 

Hc*!ffl-f£ 0 5;MfT4t h7>vX^4 0 1 <D K 
U>T> (y— h) £:mic(d:«Xf9HlB]tt4 0 3A<tttt» 

*u a^jst-t 1 fr&HM?T 4^3tH^^3Ss i 4 

V o u t =V i n +V g s 3 0 1 (I 
= V i n +V g s 4 0 1 (I 

OSEWbh7>vX$3 0 2, 4 0 2*-;h,* ? *U7> 

[0 0 5 4] CC-CSSStl 3 1.14 1*><3?L<* 
>y^$30K 3 0 2(7>y— h • V— XMWEV g s 
301 (131) . Vgs302 (Ic) *<^4x-f *l¥ 
L<. h^>vX$40 1. 4 0 2©y- h • V— XRSJ 
BIEV gs401 (141) . Vgs402 (Ic) 

»U+*U** fcii:fc)«e=v o u t liA^SIEV i n(c*L 
<fc£o Sfc S3SI3 1. I 4 1^Lt>*^(i. A 

[0 0 5 5] A*«I£V i n*<anb-r 



Vi n^b h7>^X$ 2 0 KD^f— h • 7— XBVE 

vgs2oi (i2D tzrt-rtitznmz&itL. 

V20 = Vin+Vgs201 (121) — (9) 
tSSirfe^o tti^mGEVo u 1 1±. B#£i]t OlcmttV 
DOC?'Jft-vi^ B#*Jt 2^. ^JEV2 0*v 
b h7>vX* 2 0 2(D^- h ■ V— X^mEEV g s 2 
02 (1 23) filtWcIElc^bL, 
Vout=V20-Vgs202 (123) — (10) 

■e^W. ::tv g s2oi (121) fcvga 

20 2 ( I 23) ItfitDfiTC?* ^!C^L<^^<fc5lcm 
5SI 2 1 . I 2 3S«HPt*llt xC (9) . 5t (1 0) 
J^yttl^SIEVo u t l£A*miEV i nlclfL<*^o 

o u t DD - (11) 

1 i:ijpt«. SiSSB^T 1 . T 2 (c{£*-*u f*i«EV 

DD. VSS (VDD>VSS) b+ltl^o * 

«t <T «. 

[0 0 5 3] H8a>B«llsl8(D»ft*iSlT(=»M-r *. 
A*«TT 1 ICA^SEV i n*<A*l£*t£<t. 
vX$30 1. 4 0 1OTtlf*l^-hiEV3 0, 
V4 0li. A^aiEV i n^£>^f— h • V-XB«Ef£ 

V3 0=V i n+V g s 3 0 1 (131) — (12) 
V40 = Vin+Vgs401 (141) - (13) 

0. V 4 Ofrb h7>vX^ 3 0 2. 4 0 2<7>*-*L-F*i 

vX*3 0 2. 4 0 2<D^"4x^0> KL/>T> • 7-XB 

>i>X$3 0 2. 4 0 2 <7> K Lx-f > ■ 7— XBB2ft£ I 

31) -Vgs 302 (Ic) 

41) -Vg s 402 (Ic) ••• (14) 

h7>v^3 0K 3 0 2^ffi^-KMh7>y 
X*40K 4 0 2(D^iiy-h(D§a^+^^*(t*t 
I*. 1SJEV 3 0. V4 0[*A2)SJEV i n(7>^b(CjtS 

wa^iciflisiLra (12) ,a (13) -cs**^ 

SElc^^b-r^o cctA^iEV i ntfSSEfl 1 ] (v 

DDI) (C«fc-r*»dl=l*. h7>^Xji4 0 2tt- 
BStfJlC^^&y. h7>V^3 0 2(DV-X7tP 
■JHMMCfcoT:. tll^SJEVo u t l*iS^lC?|±lf t> 
;ha e A^SEV i nrtMSSEffli (VSS«I) ic 
£<b"f h7>vX^3 0 2I^MCt7 

tfty* tu^aiEvou t lis^ic^iTif b*i5o 

ftt>%B8G>H«HiI8l*. A^jSJEV i n^aGEffilX 
tt«BE«JO)ift>bl=:^^LTt h7^vX^ 302X 
li h7>vX$ 4 o 2*<v-X7tn7»ifft^^ 
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[00 5 6] ftfc. B8 0)BIBBtt. h^>i>X*3 
OK 302|C^LT. Ids-Vgs^ttS^Slt 

h7>vx^40K 4 o zovtx&m&'tiuz. m 

mi c t^ot, A*) 

tt^T 1 t««tt^-T4^<DHia>«3lEA<*l!ai**t. tii* 

NMOS h9>?X*TBjftLfcBBBB0>ftKflJ:Jl 

fttC^tT?**. h7>vX^ 4 0 1. 40 

2|C*tLT. h7>y^$30K 3 0 2(DV<<X£m 

T?. B 1 (DttMElttKfcl^T h7>vX$ 1 . 2SPM 

os h5>^x*-e«i*L*:B»iaBa)M«i:**-r 
c me0im®&i*. bkdii 

X*T?«jaL/dMttlEtt£* h7>v^K 2SPM 

[0057] B9tt*«Bicff«nnBBa>B4a>BB 
cD^B^^-TBBB-eft*. B9i*. B4&tfB6<DS8 
»HB**t**i.©A*B*Tlif5L. tt*B*T2if 
5U «ttVDDA<*x.6*ifc«B«*if3L. SEV 

fc^o H9(D#* : f»**B4 2ktfB6a>*?-» 

EV S S*4?t6<ifcH*Tft T 4 tt*. *fc. tb 

[0 0 5 8] B9<DKItlle]&<Di&ft£B 1 0*#iLt 
BUTTSo |10 (a) iZit. lEVmWTOfiS^L/ 

^©«ff*di*-#-* 1 fl*»B mm t 0 - t 3 ) 

VSS-Vgs202 (123) £ 
1 5) 

VSS^Vout^VDD- (16) 
[00 6 1] Sfc. H9 0>BnislBtt. BBEVrnJUT© 

ffiRou^jKOBEE^tas-rsflifticttdiAaiis^T 2*< 

SEEVS sic^U**— v£*w SEVm£Lt<Dffig<D 
U-<JUa>«BEtUi*'r*»ftl=ttlB*B*T 2 *<BEV 
DDIC^'J^V— ^**i-SOr*. B4XI*B6<DIBlj!j[s] 
KC^^tSSlEv s s XliBSSWEv D DO^ 

^-»lcff3*tt««**<'>4<. ^UiF-v— 2?4iBB 
[0 0 6 2] Bl±0> B9<DBttBKl±« B4& 

tfB6(DBBBB&ni:BnBA«*L. bjsseish 

K»LlMB;*J«E«H**nr*. S&l=B4XliB6 0> 



ABB (■MMO' -t3' ) k<D2m*mmti><nk£ 

tltL^p *fc % 121 0 (b) iZit. h7>vX* 1 0 
1 . 1 0 2(D>f— h • V— XB8BEV g s 1 0 1 (11 
1) * Vgs 1 02 (I 13) *<**t^*lW L < . 
>yX^ 2 0 1. 2 0 V-xragEVgs 

201 (121) . Vgs 202 (123) tf^il^tl 
9L<<f*«fc5lcB3ilI 1 1 . 113. 12 1. 123 

«E*ai**«»d(D«Eas»B-cfc*. 

[0 0 5 9] B 1 OlC&l^T. B$$lj t 0" t 3-eii. X 
-f 1 1 1 „ 112. 121. 122. 123. 12 
4(±B5J:Bttta>X'r7?Mtt£fTlV W^f2 1 
1. 2 1-2. 221. 222. 223, 2 2 4liitt 

?<t£*L<5o CCDSS^. El 1 0<DSESff2liB5(DSE 
a»iHttt4*. *fc. BMOtO' -t3' x 

-f7f 21 K 2 1 2. 22 1. 222. 223. 22 
4l4B7£H«<D;W***l»*mv Mvf1 1 
1. 112. 121. 122. 123. 1 2 4(i^r^~ 
-JtZti&o B 1 0<DitE2£ff2(4B 7 ©IE 

B»&BB£:«i:«. -Tfcfc** B9©B»0tt<MIM* 
I*. BEVmUlTOffJIiOL/^KDBESUJ*"*"*** 
(CliB4CDKIli(nJ»£IS^£l±. «EVml2Lh<D€E*a> 
U^KZ>«E*ffl*"r *»^ICI4B 6 <Dl8I!)lE]S&£»fE 
*1**J:3l::Lfc*a>-l7*6« LfctfoT* B9(DSgS) 
[elS&liB 4 & tfB 6 OBBBB* B CBMB A 

-So 

[0 0 6 0] *fc* B9 0SEl&[5lil(Dtli^SE®S(i. 
dJ^SEVo u t icArtBEV i n£3?Ll>SE£tfc*i 
B4<DBBB»ttfW*r** (8) fcfcy* B 
6<DSSI!}@&iSftB#!4ia (11) t«. cc^tE 

Vm^VDD-Vg s 1 0 2 (I 13) - ( 

BBBB*yEI=&B***tttt a C*ft. 

[oo63] b 1 1 itm 9 (DBnBtt<Djitt0i$**-rn 

»Isl»T?fc^o B1 KcJSL^Ttt. B9<DB9ftfM9PBB 
1 04. 1 05. 2 0 3*><NMOS h^>vX£"Cl8fS 
«a*»0Bl 0 3. 2 0 4. 2 0 5A<PMOS 

SI»h7>yX^ 1 0 3, 1 04. 1 05. 203. 2 
0 4. 2 0 5<D^;h^ftO^~ MCffi^<DSE;6<-^X.£> 

*i«c±lcj;y« ffmcDSat(c$i|ffli**i^o 46H1 i 

T?I4. NMOS h7>vX^ 1 0 4. 1 05. 2 0 3 CD 

6lC»«U PMOSh7>vX^1 03, 204. 2 
0 5 ^*l-ettO>y— htt/W7XSEB I ASPA^X. 

h/<-f rx*E*<#ii<D»£T*fc* h7 
> yx * <D1M X* IHS-T « c ir «fc y S(DB3S * 3S 
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IC/WrxSJE^S^TtfilV, 

[0 0 6 4] 01 21*0 1 1 oEtbisiao^M^^-riHi 

&&0-efc£ o 01 2I*. 01 1 <7>SES)IeJ&&£3i&L. HI 

1 10)IBnB»J:iJ*?ft^>ft<. X-f ^IIMPflW 

i*. 0 1 1 <Dwm®&& y satftifspiEitt 1 o 4 . 204 

MX^f'Vf 1 2 2, 2 2 2£®y£y. Sr*:(CPMO 
S h7>v^^ 1 3 1 St/NMOS h^i/X* 2 3 1 
*ft*DUfcH»-Cft*o PMOS h7>i>X* 1 3 1 
I*. V— X. Kb-O^ftlftLNMOS h7>vX^ 
10 1(Dy-h (KU>f» . V— X(=«88S*U f- 
H*Bl±B I AS P*<#Xbttfc«S^T 5{CfJ^^^ 

NMOSh7>vX^23 1li, V— X. KL/>T> 
^ftlftlPMOS h7>vX^20KD^-h (Kb 
-f» % V— X[CfgJ*£*U >f— H*Sl£B I ASN^ 

#x6ttfc*T-T 6ir:&|*2;h,£o *fc. PMOS 
>vX^ 1 3 1 It PMOSh7>vX^103J;^ 

fi?BiE^s?<. racy— kseei^ltpmos h7 

L. NMOSh7>v^^23H, NMOS h^>V 
X>203*«HE^'h*<, Bty— 
LT NMOS h7>9Xjl 2 03J;y+»Kt^«3ittttt 
H6^*tOta>^-r^o fltNMOS K^>^X* 1 
0 1. PMOSh7>vX^103, 13 1"C«lfifc**l 
^>IsliS^P^^*lsliS^P^^ 1 3 0<t L. PMOSK 
7>9X*20 1, NMOSh7>vX^203, 23 

&o 01 2 0>HBilHI&i::*5l*T* 01 uncx 

^|:=Ol^T(*0 1 1OS^H(0*Jfflt^c 

[0 0 6 5] 01 2(7)ffi»[U&tf>fi)tt£0 1 3t#BL 
TlftB^-r^o 013 (a) (Cti.'BEVmJ^TCDff^ 

u^uoSGESfcti*)^ 1 tb±i«flra (B##J t o - t 3 ) 

Ann «sito' -t3' ) £0>2ua)uin£fi<n*$ 

tlt^So 0 13 (b) in*. A^SEV i n <t 

3?Ll^«IE£fcii2iSGEV o u t <t LXtti Ji-TZftSnm 
IE&ff20*<^£;ftTl>3o fcfc. 01 3*0^'>f1 

12. 123. 124. 212. 223. 2 2 40SM 
5>^f*. 01 Otl^Stfe^o 

[0 0 6 6] 0 1 2O)ffi«J0»li. ft&Jt 0- t 3miZ 
T. 01 1 OIEMEs]Ka>«3it*H»I18& 1 0 4&^^^ 

2 1 ic*-^. to' - 1 3' Paiicr. 0 1 1 oisa 

I§]B0>S»HWbI»2 0 4&t/X>f 'Vf222tPi:ft 

@»^P^^ 1 30t^'Vf 1 2 1IC 
0T?fe^o ^Tl:01 2 0)SBS)lBllSa)»)^*SiB^-r^ o 
[0 0 6 7] *&#>!::. «!EVm)aT<&«*<&U^U0« 

ff^tbA-r^itUAnp^ (B##jt o-t 3) t*{*. ksij 

t 0ICT. X-f ^ 1 1 1, 2 11 X*f 1 



2 1. 2 2 1 a<*7<t£*l,£o Ctf>IS3l. h7>vX^ 
10 1. 1 0 2(7>#ii<f— hliSUVDDlC. h^>V 
X*20 1. 20 2(D*iy-hltSEVSS(:^'Jf 
•V— V**l£o X-f ^7*1 1 2*><7i->. X*f ^ 

1 23. 1 2 4li^^<»:**l, dJ7iaH L T2|*WEVS 
SlC^y** — v£*l$o X-f-/^2 12. 2 2 

3. 2 2 4I*. B#5lJ t 0- t 3 Ml**? t 
[0 0 6 8] Mz+ B#£ljt 1ICT. X-f^1 1 K 2 

1 1 X^'Vf 121, 2 2 1 tf*>t£*l&o 
C0)*£^. h7>vX^10K 2 0 1 Of^ffllCcfcy. 
h^>vX* 10 1. 10 2<7>&jl>7 s — h-COSIEV 1 0 

Mh7>vX^20 1, 2 0 20>&i!'7*— htf>SUEV 

2 0 I*. ^tl^+lAASEEV i n^by- h- V— XBB 

V10 = Vin + Vgs101 (111) — (16) 
V20 = Vin+Vgs201 (121) ••• (17) 
■CSffitfc*. C<7>££ h^>vX£ 1 3 1 . 23 11* 

•t-jw&hisL ungual*. asa^TstA^ 
aas^T 1 toraicttaai 1 1 i *><3[*u aass^t 1 <t 

«Stt^T4£a>Bl::i*«3El 2 Ub<3Mi,ft. 
[0 0 6 9] B##Jt 2(CT. X-f ^7^1 1 2A<^" 

7, X>f7f 1 23, 12 4^*M, C0g 

^. h7>v>x^ 1 o 20V— X7tP7S)tti:^ y . 

ifcTJ^IEVo u t l*^EV 1 O^b h^>^X$ 1 0 2 
L. 

Vout=V10-Vgs102 (I 13) — (18) 
■CSSih^^o CCth7>vX^10 1, 10 20^ 
— h • V— XfiUmJEV gs101 (111) % Vg$1 
0 2 (113) L < fe£>c); 5 I IK 113 

fcfcAWEV o u t liAA^BEV i n t& 

[0 0 7 0] SE£VmiaT(DfiS(7>U^;KDSEE*aiA 

-f*1tH*JBra (RMtO' -t3' ) "CI*. B##Jt 
0' ICT. XW 7f 1 1 K 2 1 1 X-f'i/^1 
2 1. 2 2 1^7^tl§« C0*§S. h7>vX^ 
10 1. 1 0 20>&iSy— hliSIEVDDlC. h^>V> 
X$20K 2 0 2<D^iiy-hliBIEVSS{C^iJ^ 

v-v*ti^o x>r^7^2 1 2*<^->. x-r^T 

223. 2 2 4IW7(!:^ dJ^ffl^ T 2 V D 

D|:^'Jfv-yJW B 3fe*>\ X-f *vt*1 1 2. 1 2 

3. 12 41*. fiF^JtO' -t3' f B llit7i^ a 
[007 1 ] #|C. ^Slt 1' (CT. X-f-;f 11K 
2 1 1*<^"7. M'Vf 12K 2 2 1^>i:**I 
^ 0 C0>*3£:. h^>vX^10K 2 0KX>^ffllCj; 

y. k^>vx^iok 1 o 2<&#iay— ho>SEv 

10Wh7>vX^20K 2 0 2(D#iiy— h(D« 
IEV2 0I*. ^tl-ftlAASJEV i n^b^-H • V— 

xp P iaEt£(t-rH^aiiicj$^(cx^L. ^-h^+ls* 

(1 6) . 5t (1 7) -C?S**t^«aT*SS<b^^o C 
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O^Jh7>vX^13K 23 1 IM-Pttfiiifcyn 
ftLUl\ BBB*T3£A*B*T1 iconic 

[0 0 7 2] #|= % B&Ht 2' Ct, X-f 7f2 1 2*< 
*:7. X^fyf 223, 2 2 4^><!:^o zo>m 

h7>vX$2 0 2OV-X7tn9»ftlCj:y, 
tb^SaV o u t l£Sl±V 2 0**6 b^>vX$ 1 O 2 

oy-h - v— xBBffi«i+r*ifcBBE(::B**l=«te 
U 

Vout=V20-Vgs 202 (123) — (19) 
tSgirSSo CCth7>vX^201, Z0 2.CD? 
— h • V-XOTEV g s 2 0 1 (121) % V g s 2 
0 2 (1 23) *<*L<£*«fc?l::B3iI 2 1. 123 

*M»i-r*Li<. tn^sm v o u t r*A*SBEv i n tm 

LL*BE*a*-r5o 

[0 0 7 3] 1 1, I 2 1 j5<3£Ul^ia^ 

I*. A^IEV i n £tt£*-«*ttBB0>B9kft*tt:*] 
*<«t^»*-etiHl 2a>B»BB**»l=»fl**-t!:«^ 

[0 0 7 4] ULtC&Mffr*. A^SEEV i nA<iEVS 

Scfcyft*a«K<. SEEvDD«fcyfc*sjg«tNSE 

<&**0>iM¥T?fc*. A^mBEV i ntfSEEVD 

DX(*miEVSS|C5ft<. h7>yX^10lX!th7 

>vx* 2 o 1 tfxyftmtte&ft&coihm^i^x&L 

[0 0 7 5] B#£lJ tO-t SfSllCfcl^T. A^iEV i 
n*<SBEVSSlCie^SIEU^KDi»a'. Kf^IJt 1 \Z 
X. aEEV 1 Ofi3* (16) -C^£*v£aJ££$:£7!)<. 
SIEV20li5C (17) vmZ*iZ>nE.£\ttez>tj:i\ 0 
CttliA^SEEV i n^HVSS(C5fi<. h7>vX 
* 2 0 1 ©y- h ■ V— xraBJ£*<Hffl«IEiaT<&tt!!S 
-eii. h7>vx^20iiit7i^^f;^fe^ o b# 
&Jt iiE&a>ai£V2 0i;m^jt o- t 1 feiic^'J^* 

— v^*ltzaiEVSST?fc^*<. h7>vX^ 2310 
MftlCcfcyA^aSt^T 1^t> h7>vX^203<DKL/ 
-f >^aS*<lft$S£*U affiV2 0l£A2iaiEV i n£ 
SE£VSSC0*KOSIE(C5l±(f b*L&o C<7>£#h^ 
>vX$ 2 3 1 <D&$t1&&t&*t>< h7>vX^ 2030 

y»i+*ii*. A*as^T 1 fr&BBB?- 

T 4^a*l^a5Sfi K7>vX$ 2 0 3 -ef&isp**i*:a 
SKI 2 1 <hfc£o Lfc/)<oTA*SIEV i n^SEVS 
SJCifilNSJEU^^-C K7>VX^ 2 O 1 A<t^t$5 
i»£T?i. A*«TT 1 <tSSaS^T4i:0PBllcBai 

2 1 c<t*<-c#a 0 

[0 0 7 6] B#glJ t 0' - t3' fHKfcl^T. A 

*BEEV i n)!><«JEVDD|Ci6^aEU^;KDit^. &# 

Sijt 1 ' i:t, «ttV2 0li56 (17) T?S*ttSatt 
htt*1fi* BIEV10I*3£ (16) 



h7>vX^101 0>>r- h • V-xlH«EErt<BttBaE 
filT0>*fit5«*. h7>yX^ 1 0 1 it*7ttg:Z>tz& 
X'$>Z><, B*»Jt1' It01EV 1 OI*B#£lJ t 0' -t 
1' BI^'Jf^-^ftfcBEVDDtft^ 
>vX* 1 3 1 (Dttft(=J:y h^>i>XS 1O30KU 
^>*6A*tt*T l^B»*««B4*u BHV1 oi* 
A^iEV i n£BEVDD(D+M<D«l£(c5ITIf &*l 
£o C0)t#h^>^X4i 1 3 KD«a««tt*3b<K5 

>i>xs 1 0 3a)«ikfKiftittAJ:y«it4ir2. bbb? 

T3^6A*tt?T 1^3Mx*B3M*h^>5>X* 1 0 
3-e*|»**Lfc«SfEl 1 1 LfcA<oTA*miE 
V i n*<BJ£VDD(C&lNSIEU^U-e h^>vX* 1 

0 1^7^Mi|^t, «SWT3tA*«*T 

1 komizMtii i 1 1 £3S-f -£*><-e££o 

[0 0 7 7] JU±(DJ:5IC % BB?Qf9 1 3 O. 2 3 
01*. Ai]IEV i n^lE^UC^^f, **L**L 

■fltt i 1 K 121 £SM-c**<T!# % ISMMM) 
[0 0 7 8] tttt?4Hi 2 0SBiil5]»0fii^li. B#giJ 

t 0 - t 3 M "(?(*. X< 221 ST/lHlffi^P^^ 2 
3 0^ B1 1 0fffiS!llElSSCDX>r 7f 12 2&t/B9KM 

wm&i 0 4tHi:ftffl*u n»«t o' - 1 3' rat? 

I*. X-f v9M 2 UtfBB7Pf9 1 3 o*<. B1 1 
<&B»Eltta>X-f s/^2 2 2&tfB3KHftl!alB2 0 4<t 

rai:ftffl*-r*o ufc*<oriai 2<DB»ia»^*0ff 
bi*. bi io«iH»©#sfc*ofc<Hi: , efty, 

WttttBl lO)BBB»fcWLl\, 
[0 0 7 9] 01 4li*«M(c«-5a3SMffliIlB(DSIJfi 
©^B^^-TBlBH-e**. EH 4l=jSlvt\ BBJp 
^^5 0 01*. B»BWBB*h5:/$>x*T?«J*Lfc 
BttBB'Cfey. BB?a?9 3 0(i« BSiE*l»h5> 
i?x**»ftcfe<*I»"r4fcA0)/<-f rxisiB-c?fe*. 

isigs^P'v^ 5 o oi*. bi <&B»E»a>*(*«T?* m 

10h7>vX^K 2jNMOSh7>vX^50 
1 . 5 0 2£U B1 a>S0ft*]fflHslS&3. 4. 5£**l 
fllPMOS h7>vX$503, NMOSh7>vX 
J 5 0 5<tlfctOTfc^o PMOSh7>v 

X^5O3C0y— H4BT-T5IZ»«**L. NMOSh 
7>vX^504, 5 0 5 0)^— MtB^T 6(C*£f*<* 
ft£ 0 &fc\ SSS^T3, T4|CltWiEVDD, 
VS STb^tL^+l^^^HTl^o 

[0 0 8 0] 0B^P^^3Oli. «&*l»BttiLT 
^«h7>vX^5 0 3, 5 0 4, 5 0 5O&V- 

Hc/W7X«ES»«t4/W7XB»t?*4. /<-< 
7XHK30ri. NMOSh7>vX^3 1, 32^. 

hci ds-vg s«tt**-r*PMos K7>yx$ 

33. 3 4fct«a4*l4. NMOSh7>vX*3 1 

I*. Ku*>tf**T5lc»«**u v— xtfBBBT' 

T8ic»B**i. *-M=i*rt»«fcyaaEB i as*<* 
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;t**i£o N M O S K 7 > v7^» 3 2 K L/-f 
%t£*l& 0 PMOSh7>vX^3 3lt KU-O&tf 
t&ffiZtl&o PMOSh7>yX^3 4ll KL/-T>*< 

ag^Teic&l^tu y-ha<S^T5ic&|££*u v 

^33, 3 4l*^-h*<*&&|££*U mC I d s-V 
g s*$f±£:frf ^tl^rtUD KU-f > ■ V — Xfal 

B I AS|C^oT*]»*H> 5. T6(DSIEBI 

ASP. B I AS NIiS5S I 4lc£y*i|8ii£*i£o ft 
fc\ 11^17, T8(C(i^SJEVDD. VSStf 

[008 1 ] CCT? h^>v>X^<7>^tt^SS**JtLT 
PMOSh7>vX^33, 34. 503MNMOS 
h7>vX^3 2, 5 O 4<D&ifc^>f X£l£f+U m 
3SI5 1, I 5 2*<»L<3i4cfc5l^ «»I4, 15 
1. I 5 2 £i£5rr*U£. h^>vX*(7>ftt±£Ifta<± 

5>ixX$G>ftt±£Kj£%]tLTPMOS h^>^X$ 
33, 3 4. 503MNMOSh7>^$32, 5 

o 5 0#m^*tr-<X£iS:f+u h7>^^50i, 5 

0 2<D^>K^*UD>f— h • V— XfelSErt^L < ft££ 
5(C^3SI4. 15 1. I 5 3 £iS^-f *L(£. 
X^flmtt^SltfffeCT*. A^iEV i nlcHLl^S 

[0 0 8 2] ±BB^^tffl*^*;ii:LTIi. h^>v 
X*50 1, 5 O 2$Pli:ig^^XT?igttL. PMO 
Sh7>yX$33, 34, 50 3imCm^^( XX 
ISftL* $ bl-NMOS h7>?X^ 3 2, 504, 5 

o 5^^i:^-9-^xt?iss+-r^o c<7>*t£\ bse i 

4, 15 1. 15 2. I5 3(£3?L<* h7>vX^0 
WttMfttfdECTtWStI 4. 15 1. 15 2. 153 

[0 0 8 3] KJLt(Dcfc5(c. Sa*l»Is3SS* h7>vX 
^T*«liaLfcffiil)Is]K5 0 0lC«L. AV7X083O 
^sftlt^ctlCcfcy^ IgiSElKsooS. A^BEV i 

ft t ^ia«t jk ft be a * *<*si-c * * . 

[0 0 8 4] 01 5(*. 0 1 40)/<<<T*lB\&3 00)& 

&m$:^-r\2tf&mx$>%o hi so/UT^mv&io 

it. 01 4 0)/<-f7XBB3 0j;y h7>vX^ 3 1 . 
T?ft£o 0 1 5-Cli. SIEB I AS ( = SI£B I AS 



P) A^&tttBBiR5 O ORtf/W 7XHB4 
K7>vX^ 3 4^- hC#X.b^ B3Sl4f± 
BGEB I AS PlCj:y*I»**L*. 0 1 5IC£lvC&« 
Hi 4<DJ»*£IB«(=. h5>S?x*ottttMtt*** 
Lr/NW7XHIK4 00 h7 >vX^ 3 2, 3 4&1/5B 
Klls]»5 0 Otf>B35#iftl h9>5>X*©***-f X£» 
ftU S3EI 42ltfBltBR5 0 0a>mSKMflh5>9 

TXlslSS 3 O fc Hflia)ftMKtAlftiK€»« c £ 

[0 0 8 5] ftfc. 0 1 4&T/0 1 5(::&f*«BttHtt 
5 0 0(*. 0 1 K 01 20>Sgi|llH3S8^ffe(D|ISfeO^® 

lc«#*x4ci;&<RjteT?fc*o *fc* 01 4 2fctfHi 

5-CI**JB»El»5 0 0i:/W7XB83 0X(*4 o <h 
1»1©«JftO>»**iRLfc*<. «S((0KSjIslffi5 0 

o**-f«»*c: % ^^itiS(Digi!iipjss5 ooTfmacD 
/\V7x@sS3 oxi*4 o*^*-r^-i^RrBE-efc 

[0086] m^tmonmznmLx^itmtmz^o 

[0087] c 1 ) ttt±jMff«iurr«utkBircfe 
ot, jRi-jB3a>3e«ai[»fc. iiirrem 1 <&s«3«b*< 

tt**ifc3M<DK^>S>X*<!:. SiJfESn<£>S^>vX 

* t H-»ttfi-e* y h*^A<«riB* 1 <z> > v 

h7>vX$iit^ SiE*1<Dh7>vX*<DV— 
xa^SA^STi: L*ott»2fl) h5>vX*<DV 

[0 0 8 8] (2) «jrafiffi£Mtr«BlbBfltt?fe 
5 >vX^ £ H— Wlfi-efc y h ffT-fiWEIR 1 <*> 
7>vX^^:, WIB*30> h^>i?X^ tH-»BS-C5 

fc y y- h «^*<siies 3© h7>vx^^-hST 

tf«2(?)h7>i?X$i:ttE«3&t;»4a)K7>yx 
^^r^^SStL, lMB»1Xtf*3<Dh5>» 
X* (D V-X«** A*«* t L^OttlB* 2 »t/m 4 

o> h.^>yx*o>v— xtt^^aijaas^t Ltr-i:$:^ 

[0 0 8 9] (3) n»*]»A*l=JCSLr«HB* IS. 
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mt?Z> (1) IBKOTlBSltslS&o 
[0090] (4) na5*i|t»A^I=(ESUT^fB3E1» 

<t "f-S (2) IBSOUtBK. 

[009 1] (5) «-ai«i|ffilA*l=l£SLTSJfSai*Sg 

BfSSEIc ? U V-S?^ 2 <Z> ^ 'J ^ 
f££MI=#frC<i:£!&ta,f*-.S (1) ~ (4) <&lvf*t 

[0092] (6) |iIfB^iai/m20^ , 'J^-V-^ 

fBK5>-;?X<5»<D KU-f > ■ V-XP B 1S5S$*l!»-r-5X 
-f^SSfcCt^Sirf* (5) IBKroSBiSIlllS. 
[009 3] (7) H5«BmiSt/m20>h : 5>i?X^ 

mt-rz d) 8ui± o) xi± (5) gi<ii 
(6) tmotm®®. 

[0094] (a) ffitaigist;ig2©K i 5>i;x^ 

*i:Nft^HMOs h^SJxs&r/p^-v* 
;H»MOS h5>vX5©l,vf^-Si:L. f!fBm3 

5>vx$&tf p^v^usimos h7>s?x*<j>{6* 
tLtzzkzn®k?& (2) gu<i± (4) xr± 

(5) gL<l* (6) fB®(7>Sgii[H]S§ 0 

[0 0 9 5] (9) tiMZ&1~m3 0tt%imt. h 

l=-f£<fc5l=LfcCi:£!|#&i:-f -5ifi*JS (1) ~ 

(8) <DLN-f*t*M=8BS<©5Ei!llllSS. 

[0 0 9 6] (1 0) SfJaBfM~35 3a>5£S3S£3g£**t 

j ?+t«tfie-r-&«rfB-'W7xii»(±. nsPA^e-A**^* 

(9) IBKcoSgtSIilS&o 

[009 7] (11) BiIIE351 ~S54(D h5>i>X* 
I*. ftl:/U^-7ll>7>vX$l?fcy. ^-coxs-v 
^a^^SISBV-xaa^i: L. •t<X)'<-X4S^-£frIB'7-* 

LfcCir^^.k^-i, (1) ~ (5) XI* (9) ©ivT 
ii*M=IB««>IEi!llHlgS„ 
[0 0 9 8] (1 2) (9) ~ (1 1 ) OH^ntJ&MCtB 



[0 0 9 9] 

^H±*»«U h^>vX5<D-7-*-KSS^^ K 

*ar7»lf£*-t!\ ffi h5VvX$(0 KU-T> ■ V— XfS) 

[0BB0ffi*&8liyi] 

[@ 1 ] *mmz&z&W}®i&<j)m 1 ©n«fe<D»sio)« 

[0 2] *f6EWI=«J;^Kl!i[5]»<Dm2©IISEOfKSI<»« 
fiJt£^-t-le] 880 

[03] ®2 0>®&Vitt$ : iik?9'( S.><fWr'$>&. 

[04] 0 2<O£{*lK&ISgg£;F-?!sI%ll|-e&»£, > 

[0 5] (a) Ii0 4 ©|3g&<DI&fE £*-f*-f 5 
0. (b) l±@ 4 (OliiaroKi^l itSESiitfe 
-5. 

[0 6] 0 2©»J<B|«*lWfcmB£in-r[s]K0T?fc&. 
[0 7] (a) 1*0 6 ©IslS&flJSift >f5>^ 
0. (b) (±0 6<D0l&<Dl!rt*£*-fSJEaSffiMlT?fe 

[0 8] *l6WI-<fe-S)Kt!llHlKa)m3<»IIJ6<D^!S(D« 
jS£^-f0S&0-t?fe-&. 

[09] *&Bniz£%mm®&(»m4<r>nm(Otemo>m 
fiE£*-r0s&0T?fc-S). 

[010] (a) fi09<B08©iftf££i*-t*'>'SV^ 

0. (b) (*0 9<350Krol!iff$^-raiE3Sm0-C'fc 

a. 

[011] 0 9<Dj*t*Mfc0!S£^-r[elg&0-T?fc&, 
[01 2] 01 1 <DI£M0iJ£^-f 0iS0-r?fc-5o 
[013] (a) 1*01 2©@IS<D»ffc£;F-f 9-f 5:> 
?0. (b) 1*01 2©0S&(D»tt£^-r£!I;fc«20-t? 

-r nis&Ei-efc£o 

[0 1 5] 01 4(D&M#J£^Tle]i&I2-efc£o 
[Hi 6] ft&o>mikBK&»tmtottlVlb*. 
[ft^OlftBJlJ 

1. 2 h7>V^* 

11. 12, 2K 22, 23. 24 X-fy^ 
Vin A*SIE 
Vout fciJifcSlE 
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